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OCCURRENCE OF FREE GAS IN THE FETUS 
IN CASES OF INTRA-UTERINE DEATH 
by 


It is sometimes found in cases of intra-uterine fetal death that the 
fetus contains free gas. This may be demonstrated roentgenographically 
before parturition in certain cases, the finding then constituting a def- 
inite sign of fetal death. The gas generally lies in the vascular system 
of the fetus, but occasionally is also situated in other parts of the body. 
The phenomenon was first described by Roperrs in 1944 in a report 
on two cases, one of which was diagnosed before partus, while in the 
other case the gas was demonstrated immediately after parturition in the 
roentgen examination of a markedly macerated fetus. In 1949 Davip- 
son described two cases, in 1952 Tacer described one case and Ker- 
TUNEN another, while one case was reported by the present writer in 
1954. In 1953, a report on 7 cases was published by Crick and Sims, 
who had made bacteriologic tests upon the blood fluid of the dead fetus 
and performed chemical analyses of gas taken from different parts of 
the body. From these investigations they concluded that the gas cannot 
be due to bacterial influence and observed that the gas according to 
all tests in their cases consisted almost exclusively of nitrogen. SAMUEL 
and GUNN published a report in 1955 based on observations of 15 cases. 
They pointed out that the phenomenon is not a rare one in cases of in- 
tra-uterine fetal death and stated that it is not necessarily a late finding. 
In 5 of their cases it had appeared without any other roentgenologic in- 
dications of intra-uterine death. 

The author, after his first case in 1953, has subsequently systemati- 
cally examined all women attended in the Obstetric Department of this 
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hospital, in whom fetal death was suspected. Examinations of all the 
dead fetuses have also been carried out. In one case, in which autopsy of 
the fetus was performed under water, gas bubbles escaped when the 
heart was opened. All the other fetuses were subjected to radiologic 
examination immediately following parturition. There is no doubt that 
for demonstrating small amounts of gas in a fetus the roentgen examina- 
tion is the surest method. This has in fact also been affirmed in other 
connections by Linp and WEGELIUvs. 

With the earlier reported cases included, the author has in all ex- 
amined 21 dead fetuses. Thirteen (13) of these were examined also before 
delivery. In 8 cases, however, no such prepartal examination was carried 
out, in some instances because the mother came to the Obstetric De- 
partment in such an advanced stage of parturition that there was no 
time for a roentgen examination, but in most cases because there had 
been no clinical grounds for suspecting intra-uterine fetal death. 

The following factors have been carefully noted in all the cases in the 
author’s material: 

. Time of fetal death in relation to duration of pregnancy 

2. Interval between fetal death and time of examination 

3. Other radiologic signs indicating intra-uterine fetal death 

4. Finding of free gas in the intra-uterine fetus 

5. Finding of free gas in the fetus after parturition 
}. Degree of maceration 
7. Weight of fetus in grams and length in centimeters 
Rh-factor in the mother’s blood 


In those instances in which fetal sounds could not be heard upon 
the admission of the mother, the time of fetal death was taken as rep- 
resenting the time when fetal movements, according to the mother’s 
statement, had ceased. In the other cases, this time corresponded to 
the time when, according to the report, fetal sounds could no longer be 
heard. It is evident that statements of this kind must be regarded as 
being fairly approximate, and that in some cases it is impossible to 
obtain correct information on the time of fetal death. 

Three (3) of the fetuses examined had died during delivery. They 
were not macerated and did not contain gas. The other 18 fetuses were 
more or less macerated, and 13 of them contained gas. It thus appears, 
in agreement with the experiences of other workers, that it is a com- 
paratively common occurrence in cases of intra-uterine fetal death. The 
phenomenon should therefore have a certain practical importance in the 
roentgen diagnosis, for quite often it may be demonstrated roentgenologi- 
cally ‘before ‘delivery, and does not appear very much later than other 
signs of fetal death. 
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Fig. 1. Case 1. Typical tube-shaped gas Fig. 2. Same case. Abundant gas in 
accumulation in large vessei in lower part heart, aorta ascendens, and a major 
of fetus’ abdomen (fetal death one week vessel in lower part of abdomen 

previously). (fetus immediately after delivery). 


Small amounts of gas in the fetus may frequently be difficult to 
distinguish from gas in the mother’s intestines, and very often special 
projections, which must be varied from case to case are necessary for 
success. Views produced with a horizontal beam are occasionally helpful 
as they may permit small levels within the fetus to be detected. 

Among 13 of the cases in the author’s material, which were examined 
before and after parturition, there were 9 fetuses containing gas. In 7 
of these cases, the diagnosis could be made before partus (HoLM 1954, 
and 6 cases in the present series). 

Irrespective of the radiologic possibilities of demonstrating the ab- 
sence of fetal life, which are all of but restricted value, the other roent- 
genologic sign of intra-uterine fetal death consists in the demonstration 
of maceration. It is customary to represent the degree of maceration in 
three groups. NEUWEILER makes the following divisions: 

Grade I: after 1 to 2 days 
Grade II: after 4 to 5 days 
Grade III: after about a week or more 


| 4 
e 
of 
e 
t 
- 
| 
| 
| 
p- 
to 
be | 
as 
to 
ey 
‘Te 
rs, 
n- 
he 
he 
gi- 
1eT 


260 OLOV FR, HOLM 


Fig. 3. Abundance of gas in vessel in lower part Fig. 4. Same case. Much gas in 


of fetus’ abdomen, with typical V-bifureation heart and some large vessels in 
(no fetal movements for one week previously). lower abdomen (post partum). 


Martius et coll. indicate the degree of maceration as follows: 


Grade I: — Epidermis white, loose, and absent over small areas. Ap- 
pears already a few hours after death 
Grade Il: Epidermis raised, forming blisters, and easily detached in 


large pieces. Fetal death occurred 1 to 3 days earlier 
Grade III: Red-brown discolouring of the fetus caused by hemolysis 
and imbibition of the tissues with blood pigment (fetus 
sanguinolentus). Loosely connected skeletal joints. Skull 
soft and fluctuating. This stage is as a rule reached 3 to 4 
weeks after death 
The definitions thus differ as regards indicating the degree of macera- 
tion. The definitions adopted by Martius et coll. will be used in this 
report. 
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Fig. 5. Fetus with Grade III maceration. Much gas in heart, distinctly outlining 
trabeculae carneae and musculi papillares. 


According to ZUPPINGER, roentgenologic signs of maceration may be 
detected at the earliest 4 to 7 days prior to partus but as a rule not 
earlier than 2 to 3 weeks after fetal death. 

With regard to the author’s material, however, it may be observed 
that of the cases in which gas could be demonstrated before delivery, 
this was achieved in 4 cases earlier than the minimum time given by 
ZUPPINGER. It was the same with Case I in RoBert’s material and in the 
case reported by KETTUNEN. 

In 16 known cases, there were no other roentgenologic signs of intra- 
uterine fetal death (RoBERT’s Case I: Davipson’s Case I: the case of 
KrTTUNEN; Hou 1954, and 4 cases of the present report; in five of the 
cases of SAMUEL and GuNN, and, finally, in three of the cases of Crick 
and Sims). 

In the following table, the author’s case material has been assembled in 
a manner to show relationships with respect to the degree of maceration 
established after partus. From this table it may be seen that in this material 
the finding of gas was at least as frequent a sign of intra-uterine fetal death 
as any other. It will also be observed that there appears to exist a certain 
relation between the abundance of gas and the degree of maceration. 
This is suggested by the fact that there was, in most of the cases, un- 
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doubtedly less gas with a smaller degree of maceration than there was 
in the highly macerated fetuses, which as a rule contained much gas. 


Table 
Examination performed: 

Jegree of maceration = 
determined after partus Be fore partus After partus 

Other signs of maceration Free gas Free gas 
£64 ts Not investigated Not investigated 0 out of 3 
0 out of 1 0 out of 1 0 out of 
out of 6 3 out of 6 6 out of 8&8 
2 out of 6 out of 6 7 out of 9 
Total 6 out of 13 7 out of 15 13 out of 21 


In all instances, the gas was situated in the heart, aorta, and some 
of the major arteries. In several cases, there was gas also in the inferior 
vena cava and vessels of the navel. In most of the cases, the gas oc- 
curred abundantly also in a number of minor vessels which could not be 
definitely determined, the particular regions involved then being the 
liver and spleen. Furthermore, in two of our cases there was gas also 
in the abdominal cavity, and in one case a gas bubble in the upper left 
part of the abdominal cavity, probably in the stomach. 

['wo cases were of special interest in representing fetuses in Grade 
III which did not contain any gas. Both were extensively macerated and 
had been dead a comparatively long time before parturition, more than 
one month and six weeks, respectively. These fetuses were also con- 
siderably smaller than all the others. One weighed 910 grams and the 
length was 39 centimeters, while in the other the weight was 950 grams 
and the length 34 centimeters. That gas was missing in these two cases 
might either have been due to gas having developed at a given phase but 
then reabsorbed during a possibly long delay before partus, or else to 
some deficiency in the degree of maturing of the fetus. 

Nothing is known with certainty regarding the mechanism in play 
when the gas is formed. In the opinion of Davipson, the gas should be 
due to decomposition of some blood element. KETTUNEN considered that 
Rh-immunization of the mother by the fetus could be the determining 
factor in the development of gas. SAMUEL and GuNN believed that the 
gas develops in the living fetus, and that fetal death is caused by intra- 
cardiac gas embolus. They point out that, under certain circumstances, 
some change may occur in the physiologic functioning of the placenta, 
which, due to disturbance in the pressure difference between the blood 
pressures of the mother and the fetus, may cause gas to pass from the 
circulatory system of the mother to that of the fetus, entering the heart 
of the fetus via the umbilical cord. They also mention the possibility of 
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the Rh-factor being the cause of the disorder of the placenta. It may 
be pointed out in this connection that the Rh-factor was determined in 
10 out of the 13 cases in the author’s material in which gas was demon- 
strated in the fetus. In 9 of these 10 cases, the Rh-factor of the mother 
was Rh (+), while only in one case the mother was Rh (—). Rh-im- 
munization cannot therefore be the essential factor in causing the gas 
to be formed. 

The author has earlier made the following hypothesis regarding the 
formation of gas. When hemoglobin undergoes decomposition, the 
chemically bound oxygen is liberated. If this takes place suddenly it is 
possible that so much oxygen may be set free that it cannot enter into 
physical combination with the available blood fluid stagnant, and this 
will lead to free gas being accumulated in the vessels. The author has 
also suggested that this effect may be enhanced by a certain vacuum 
effect, arising from the force that causes shrivelling of the fetus: the 
heart and the major arteries would be the only hollow spaces in the limp 
body of the fetus with enough rigidity of their walls to permit this vacu- 
um effect to come into action. 

If it is correct that the gas formation is due to decomposition of hemo- 
globin, it might also be expected, in those cases in which maceration has 
advanced so far that all the tissues have become imbibed with hemo- 
globin (fetus sanguinolentus), that gas could develop in regions other 
than in the vessels and that it might also accumulate in other preformed 
cavities. This occurred in RoBeErt’s first case, in two of the cases in the 
material of Crick and Sis, and, in 3 cases of the prese nt material. At 
first the author supposed that the gas consisted of oxygen, since most 
frequently this gas is situated mainly in the left side of the heart and 
in the major arteries where the blood i is oxidized. 

The specific gas conditions prevailing in the fetus also seem to lend 
support to this reasoning. The fetus is living fairly normally at a gas 
pressure so low that at the same pressure a grown-up person would die 
from lack of oxygen within a few minutes. As a compensatory factor, 
the number of blood corpuscles in a fetus are 20 per cent higher than 
in an adult. Furthermore, the hemoglobin of the fetus is of another com- 
position than in the adult, its capacity for combining chemically with 
oxygen being much greater. On account of this, and because the 
blood of the fetus has a lower pH, the ability of the fetus to draw oxygen 
from the blood is also considerably higher (Ss6sTEDT). 

It is also possible, however, that the chemic ally bound carbon dioxide 
may behave in a corresponding manner. Carbon dioxide combines with 
hemoglobin in the same manner as oxygen but is also chemically bound 
to the plasma. Ss6straND has shown that during decomposition each 
hemoglobin molecule as it breaks up leads to the formation of four 


as) 
as. 
3 
l 
y 
2] 

) 

1e 
Tr 
| 
0 
| ‘ 

| 


264 OLOV FR. HOLM 


molecules of carbon mon- 
oxide. There is a theoreti- 
cal possibility, therefore, 
that the free gas present 
in the vessels of the fetus 
may at least partly consist 
of carbon monoxide. 

The Swedish manu- 
facturers, Svensk Réntgen, 
have constructed special 
glass tubes for securing the 
gas for analysis (Fig. 6). 
These tubes are tapered to a fine point at one end and are evacuated and 
sterilized. After the heart of the fetus has been laid bare, the tubes are 
inserted into the heart and aorta, and the points broken off inside the 
vessels. Due to the vacuum, a certain amount of gas and blood fluid in 
the vessel will be sucked into the tube, the end of which is then closed by 
melting in a flame. WAHLUND of the Medical Clinic of this hospital kindly 
placed his services at our disposal for analysing the gas, but after the neces- 
sary arrangements had been made only one case occurred in which the ac- 
cumulation of gas was so situated as to permit a fairly large amount to 
be sucked out. The quantity even in this case, however, was too small 
(about 0.7 ml) to enable a complete analysis to be made. At the same 
time, it could be demonstrated that 60 to 65 per cent of the gas evacuated 
from the vessels of the fetus consisted of oxygen and/or carbon dioxide. 
In the cases reported by Crick and Sims, it was found by analysis that 
the gas sucked from the fetus consisted almost entirely of pure nitrogen. 
They observed that the mechanism of gas formation could not be deter- 
mined from their investigations. 

Even if it is not definitely known how the formation of gas occurs, 
there are so many factors which in the author’s opinion speak in favour 
of the conception now advanced, namely, that it takes place through 
the decomposition of hemoglobin and the liberation of chemically com- 
bined gas, that for the time being this seems to be the most probable 
explanation. 


Fig. 6. Specially designed tube for puncture of fetal 
vessels and suction of gas for analysis. 


SUMMARY 


A report is made of the systematic examinations of 21 dead fetuses, 13 of which 
were examined also before parturition. It appears that the demonstration of free gas 
in the fetus before partus is of practical importance in the roentgen diagnosis of intra- 


uterine death. It is suggested that the formation of gas occurs owing to the liberation of 


chemically combined gas when the hemoglobin undergoes decomposition. 
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ZUSAMMENFASSUNG 


Systematische Untersuchungen an 21 toten Fetus, von denen 13 auch vor der Ent- 
bindung untersucht worden sind, werden vorgelegt. Es geht hervor, dass der Nachweis 
von freiem Gas im Fetus vor der Entbindung von praktischer Bedeutung fiir die Rént- 
gendiagnose des intrauterinen Todes ist. Verf. ist der Meinung, dass die Bildung von 
Gasen auf dem Freiwerden von chemisch gebundenem Gas bei der Auflésung des Haemo- 
globines beruht. 


RESUME 


L’auteur présente les résultats d’examens systématiques de 21 foetus morts, dont 
13 avaient été examinés avant laccouchement. Il en ressort que la mise en évidence 
de gaz libre dans le foetus avant l'accouchement a un intérét pratique pour le diagnostic 
radiologique de la mort intra-utérine. L’auteur suggére que la formation de gaz est due 
i la libération de gaz combinés chimiquement quand l’hémoglobine subit la décom- 
position. 
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THE RELIABILITY OF ROENTGEN SIGNS 


OF VARYING DEGREES OF MALIGNANCY 
OF BLADDER TUMORS 
by 


C. Franksson, K. Lindblom and W. Whitehouse 


In previous papers by FRANKssON (1950), and FRANKSSON and | 
LINDBLOM (1952), it was pointed out that roentgenographic examination 
may contribute to the determination of the extent and degree of invasion 
by tumors involving the wall of the urinary bladder. Since that time, 
more attention has been directed to the signs thought to be suggestive of 
malignancy. As more roentgenographic studies have been made on new 
patients with bladder tumors, the helpfulness of the roentgen signs has 
been confirmed. In order to determine their value more precisely, the case 
material and films from the years 1950 to 1953 have been reviewed. 

Material. The additional material consists of 117 cases, selected to 
satisfy two criteria: 1) the bladder tumor should be visualized on roentgen 
examination, and 2) it should be a new case without previous treatment 
so that the roe ntgen signs were unaltered. Seven cases were excluded 
because of negative signs in the films; five of these were small benign pa- 
pillomas and two pea-sized tumors with malignancy on microscopi 
examination. 

The material was grouped histologically by the grading of malignancy 
of the tumors according to FRANKssoNn (1950). The roentgenographi 
appearance of the tumors was analyzed and tabulated with reference to 1) 
thickening of the bladder wall in the region of the tumor (Figs. 1, 2): 
2) sloping contour at the edge of the tumor (Fig. 3) as opposed to an acute 
angular junction with the adjacent bladder wall: 3) ureteral block at the 
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Fig. 1 (top). Malignant tumor Grade 5 infiltrating muscular wall. Extensive thickening 
of bladder wall. 
Fig. 2 (bottom). Malignant tumor Grades 5—6 infiltrating submucosa. Bullous cystitis 
around tumor. Local thickening of bladder wall. 


site of the tumor, either partial or total (Fig. 3). In addition, the shape 
of the tumor in the roentgenograms was classified as a fringed papilloma, 
a broad based papilloma, or a solid tumor. 

In addition to the above, the operative procedure used, the result of 
treatment, and the final status of the patient as regards recurrence, metas- 
tasis, and death, were recorded. 
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3 (top). Malignant tumor Grade 6 penetrating perivesical fat. Outer bladder margin 
not visible but tumor contours sloping and ureter blocked. 

Fig. 4 (bottom). Malignant tumor Grades 5-—6. Outer bladder contour not visible but 

asymmetric position of bladder lumen indicates thickened wall to the left. Histologi- 

cally extensive edema surrounding tumor. 


In most cases both excretory urography and urethrocystography were 
performed. In five cases excretory urography was not carried out and 
the condition of the upper urinary tract could not be evaluated. Cysto- 
graphy was performed in the supine and oblique positions in order to 
visualize the tumor. Attempts were made to obtain tangential views of 
the base of the tumor when the bladder was moderately distended with 
contrast medium. The layer-of extra-peritoneal fat which in most cases 
surrounds the bladder, except near the prostate and the region of the 
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uretero-vesical junction, made possible the outlining of the outer limits 
of the bladder wall. The intraluminal tumor contour was also studied in 
tangential films. 

Thickening of the bladder wall and sloping contour of the tumor were 
to a great extent synonymous. Sloping of the contour could be judged 
without visualization of the outer wall. Very marked thickening of the 
wall caused a displacement of the bladder lumen (Fig. 4). Such a displace- 
ment was recorded as thickening of the wall. To be considered as thickened 
the wall had to be definitely thicker in the region of the tumor than in 
other parts of the bladder. 

Ureteral blocking was noted as either ‘partial’, with dilatation of the 
ureter, or ‘total’, without excretion of contrast material from the kidney 
on that side. A dilated ureter in one case with reflux into the ureter on 
urethrocystography was not considered as evidence of blocking. In one 
case with tuberculosis of the kidney with extensive calcification, the 
absence of excretion was not judged as ureteral blocking; at cystoscopy 
bullous edema was found at the site of the ureteral orifice together with 
an infiltrating tumor which at cystography could not be distinguished 
from the edema. 

According to earlier experiences (FRANKSSON & LINDBLOM), the pos- 
itive roentgenographic findings of thickened wall, sloping contour, and 
ureteral blocking, were considered as signs of infiltrating growth of the 
tumor. 

A marked diffuse cystitis was present in nine cases, with benign as 
well as malignant tumors, and three cases had been treated for this disease 
several years before the tumor appeared. This cystitis caused a roentgeno- 
graphic thickening of the wall of the whole bladder, which was not ta- 
ken for tumor infiltration. 

Discussion 

Tumors of low grade malignancy (1—2) have a roentgenographic ap- 
pearance that is clearly distinguished from the tumors of high grade 
malignancy (5—7). In the intermediate grades (34), however, there will 
be doubtful cases. 

Grade 1. Benign fibro-epithelioma without epithelial cell atypia — 12 
Cases. 

Grade 2. Benign fibro-epithelioma with epithelial cell atypia — 28 cases. 

The fringed papillomas of Grades 1—2 showed most often a narrow 
base and in none of these cases was there thickening of the bladder wall, 
sloping contour, or ureteral blocking. In 1 case with concomitant cystitis 
the bladder wall was moderately thickened throughout without localized 
thickening in the region of the tumor. 

Grade 3. Suspected malignant fibro-epithelioma; epithelial cell atypia 
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Fig. 5. Papillomatous tumor Grade 3 growing superficially in mucosa demonstrating 
occasional blocking of ureter without infiltrating tumor. Tumor contours non-sloping. 
t'/, years after transurethral coagulation — no recurrence. 


with boundary to connective tissue partially diffuse but without demon- 
strable infiltrative growth 14 cases. 

Eleven (11) of the 14 cases of this grade did not differ from those of 
Grades 1—2; there may be only a tendency to a higher incidence of 
broad-based papillomas in Grade 3. In 1 case, however, the surface of 
the tumor was so smooth that it was classified as solid. In none of these 
12 cases was there any roentgenographic sign of penetration of the 
bladder wall. 

In the remaining 2 cases ureteral blocking adjacent to a typical 
papilloma without thickened bladder wall or sloping contour of the tumor 
was present (Fig. 5). The papilloma was growing superficially in the 
mucosa but covered the ureteral orifice e ntirely « causing an abrupt ending 
of the ureteral filling at urography, indicating that the tumor projected 
into the ureteral lumen. After coagulation a wide communication to the 
bladder was established with ureteral reflux but no recurrence. The 
tumor was apparently non-infiltrating, and whether in the nature of a 
ureteral papilloma growing over on the bladder mucosa or vice versa 
cannot be determined. 

The other case of ureteral blocking had a broad-based extensive 
papillomatous tumor close to the ureteral orifice. It recurred after coagu- 
lation. The case was judged as inoperable because of a mass resembling a 
metastasis in the right lung. This slowly grew and within two years the 
patient died with signs of bladder tumor; no post-mortem examination 
was made. 
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Grade 4. Malignant fibro-epithelioma; highly differentiated epithe- 
lium: infiltrating 19 cases. 

Of the 19 cases with tumors of Grade 4, the majority showed roent- 
genographic signs of penetration of the bladder wall and almost half of 
the cases were of the more solid type of tumor. The main characteristics 
in this portion of the group were the same as in Grades 5—7. Of the re- 
mainder, 6 cases require further discussion. 

Two (2) cases showed microscopic appearances of typical papillomas, 
fringed and stalked without roentgenographic signs of thickened bladder 
wall, sloping contour, or ureteral blocking. Because of the findings their 
clinical malignancy is questioned. They were coagulated transurethrally. 
One had a later recurrence. 

A third case with the same type of small papilloma showed roent- 
genographic thickening of the half of the bladder wall where the tumor 
was situated, so wide- -spread that it appeared to be local cystitis rather 
than tumor infiltration. Because of the microscopic classification Grades 
4—5, the first transurethral coagulation was followed by further cystos- 
copy and biopsy but no tumor was found; there were only signs of local 
cystitis. The patient was free of tumor 6 years after treatment. In this 
case also the clinical malignancy is doubtful. A concomitant cystitis in a 
localized form may have been misleading in the roentgenogram. 

Three (3) cases had small broad-based or solid tumors without roent- 
genographic signs of thickened bladder wall, sloping contour, or ureteral 
blocking. In 2 of these, the growths were confined to the mucosa or sub- 
mucosa. In the remaining case the depth of infiltration could not be de- 
termined in the microscopic sections; there were two additional minute 
papillomas of Grade 3 and subsequent recurrences were not malignant. 

Among the cases with definite clinical malignancy there was one case 
of both a carcinoma of Grade 4 infiltrating into the perivesical fat and a 
benign papilloma of Grade 1 close to the carcinoma. The tumors were 
seen in films taken 16 months earlier; they had increased in size only mod- 
erately and the bladder wall was thickened at both examinations. The 
bladder was resected and after three years there were no signs of malig- 
nant recurrence; papillomas of Grade 1 recurred. 

Grade 5. Malignant fibro-epithelioma; moderately differentiated 
epithelium; infiltrating — 18 cases. 

Among the 18 cases belonging to Grade 5 there is one which should be 
discussed because of the absence of the roentgenographic signs. A tumor 
was found of mainly solid type, almost the size of a walnut, rather broadly 
attached to the trigonum just inside the urethral orifice where the thick- 
ness of the wall cannot be visualized. The films were not truly tangential 
and the inner contour of the tumor could not be accurately judged. There 
was no ureteral blocking which would indicate that the growth into the 
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bladder wall was limited. Transurethral coagulation of the tumor was per- 
formed and a carcinoma was found on microscopic examination. The fact 
that after 20 months the patient is still free from tumor speaks in favour 
of lack of deep infiltration in the bladder wall. 
Grade6. Malignant fibro-epithelioma; poorly differentiated; infiltrating. 
Grade 7. Malignant fibro-epithelioma; undifferentiated; infiltrating. 


Grades 6 and 7 — 22 cases. 
Malignant non-graded tumors 4 cases. 


All the cases with tumors of Grades 6—7 or with malignant non-graded 
tumors showed roentgenographic signs of infiltration into the bladder 
wall. 

Conclusions 


Clearly benign and obviously malignant bladder tumors may be 
differentiated by roentgenographic examination. In an _ intermediate 
group, however, the degree of malignancy may be doubtful and the roent- 
genographic examination is then complementary to the other methods 
of investigation (cystoscopy, biopsy, bimanual palpation). In question- 
able cases thickening of the bladder wall, sloping contour of the tumor 
and ureteral block speak in favour of the tumor being clinically malignant 
and it ought to be treated as such. 


SUMMARY 
A selected material of 117 cases of bladder tumor is reviewed. The roentgenographic 
appearances were analyzed according to the thickness of the bladder wall adjacent to 
the tumor, the intraluminal contour of the tumor, and ureteral block. The roentgeno- 
graphic examination was found to be valuable in differentiating between benign and 
malignant tumors. 


ZUSAMMENFASSUNG 
Ein ausgewahltes Material von 117 Fallen mit Blasentumoren wird kritisch ge- 
mustert. Die réntgenologischen Befunde beziiglich der Dicke der Blasenwand in un- 
mittelbarer Nahe des Tumors, der in das Lumen einbuchtenden Kontur des Tumors 
und der Uretherblockade werden diskutiert. Die réntgenologische Untersuchung wurde 
als wertvoll fiir die Differentialdiagnose zwischen benignen und malignen Tumoren 


befunden. 
RESUME 


Les auteurs ont étudié un groupe de 117 cas sélectionnés de tumeurs de la vessie. 
Ils ont examiné les aspects radiographiques concernant |’épaisseur de la paroi vésicale 
au voisinage de la tumeur, le contour intravésical de la tumeur, et le blocage urétéral. 
Les examens radiographiques se sont montrés utiles pour distinguer entre tumeurs 
bénignes et malignes. 
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HAGEN COUNTY HOSPITAL, GENTOFTE, DENMARK 


ROENTGENOLOGICALLY DEMONSTRABLE GASTRIC 
ABNORMALITIES IN CASES OF PREVIOUS 
CONGENITAL PYLORIC STENOSIS 
by 
O. Steinicke Nielsen and M. Roelsgaard 


Clinical examinations carried out within recent years of adults with a 
history of manifest congenital pyloric stenosis (cong. pyl. sten.) revealed 
a higher incidence of peptic ulceration than in the normal population 
(BENDIX and NECHELES 1947, STEINICKE NIELSEN 1954). In a series of 
95 cases with a history of cong. pyl. sten., the latter found 27 (28 °%) 
with symptoms of gastritis or peptic ulcer against 12 (12 %) in a control 
group of about the same size. The present investigation was carried out 
in order to determine whether this clinical experience could be verified 
radiographically. 

Material. The total series examined comprised two groups, one con- 
sisting of 45 adults with a history of cong. pyl. sten. and the other of 45 
controls. 

Of the 95 patients with cong. pyl. sten. who formed the subjects of the 
clinical examinations mentioned, only 45 could be examined roentgen- 
ologically, of these, 37 were men and 8 women. The age distribution 
is given in Diagram 1. 

Nineteen of the 45 patients (42 ©) complained of dyspepsia at the time 
of the roentgen examination, while 26 (58 °4) had no symptoms. The in- 
cidence of dyspepsia was thus considerably higher in this series than 
among the 95 subjects clinically examined, of whom only 27 (28 %) 
had symptoms. The cause of this may be that patients with persistent 
dyspepsia perhaps tend to be more interested in being examined than 
those without symptoms. 

The work was aided by a grant from ‘Froken P. A. Brandts Legat’. 

Submitted for publication 19 July 1955. 

19-—563088. Acta Radiologica. Vol. 45. 
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il The control series consisted of 36 

4 1 men and 9 women. The age distribution 
=F el C) ees also appears in Diagram 1. The group 
2% Females consisted exclusively of in-patients from 
88 10 the Surgical Department of The Copen- 
32 } hagen County Hospital. None of these 
$3 s1 had been admitted for gastro-intestinal 
disease, and they were all questioned 
0 as avout present or previous stomach symp- 

toms. This questioning produced SIX 
with dyspepsia, which corresponds to 
3¢ " | the frequency in the control group in the 
previously published clinical work 


NICKE NIELSEN 1954). None of the con- 
Diagram 1. Age distribution in main trols had a history to suggest pyloric 
(above) and control (below) groups. stenosis. 


Results 


1. Roentgenologic signs of ulceration. The object was originally to 
investigate how often peptic ulcer could be demonstrated in cases of 
previous cong. pyl. sten., and whether this was more frequent than in 
cases in which such a history was absent. 

The results achieved in 45 cases of previous cong. pyl. sten. and 45 
controls are set out in Table 1, where the two series are further divided 
into cases with and without clinical signs of dyspepsia. 


Table 1 


Roe nigen evidence of peptic ulceration in the main and control series 


Control series 45 cases Main series 45 cases 
with dysp. without dysp. total Roentgen findings total without dysp. with dysp 
3 39 12 No ulceration 31 21 10 
3 0 3 ulceration 14 
6 39 15 total ee) 26 i9 


The table shows that of the cases with a history of cong. pyl. sten. 14 
displayed signs of peptic ulceration (one in the body of the stomach, 
five at the pylorus and eight in the duodenum) against three in the con- 
trol group. 

2. Roentgenologic signs of after effect of congenital pyloric stenosis. 
The roentgen examination of the 45 subjects with a history of cong. 
pyl. sten. in some cases revealed changes in the prepyloric part of the 
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Fig. 1. Variation in filling of normal prepylorie region of stomach. Control group. 


stomach in addition to signs of ulcerations. The filling of the prepyloric 
region varies considerably, total contraction to almost ball-shaped filling 
being normally encountered (cf. Fig. 1). 

In the cases of previous cong. pyl. sten., on the other hand, we found 
that, despite variation in the filling during the peristaltic wave, the distal 
2 or 3 cm of the prepyloric region remained narrowed, with an abrupt tran- 
sition from the adjoining portion of the stomach (Fig. 2). The films were 
obtained during maximum filling of the region. We also gained the 
impression that the normal peristaltic wave over the body of the stom- 
ach ceased at the point of transition to the narrowed area and, despite 
variation in the filling, did not continue as far as the pylorus, as in the 
normal stomach. 
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Fig. 2. Marked narrowing of prepyl. region; Fig. 3. Marked narrowing of prepyl 
no signs of ulceration. History of cong. pyl. region; no signs of ulcer. History of 
sten. cong. pyl. sten. 


These characteristic changes with narrowing of the prepyloric region 
varied in degree (Figs. 3 and 4). 

We shall use the term seq. cong. pyl. sten. for the following roentgen 
appearances: 

1. Abrupt transition from the proximal region of the antrum to the 
distal 2 or 3 cm of the prepyloric region. 

2. Persistent narrowing of this region, even on maximum filling. 

3. Diminished or absent peristalsis in this region. 

The frequency of these roentgenographically demonstrable abnormal- 
ities in the present material appears from T: able 2, where both the main 
and the control series are divided into groups with and without dyspepsia. 
As, however, the abnormalities described proved to bear no relation to 
the incidence of symptoms, we need only consider the total figures. 

The roentgen findings are divided into four groups in the table. 

Group I: No signs of seq. cong. pyl. sten. or ulceration. 

Group 2: Ulcer, but no signs of seq. cong. pyl. sten. 

Group 3: Both seq. cong. pyl. sten. yn ulceration. 

Group 4: Seq. cong. pyl. sten., but no ulceration. 
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Table 2 


Division of series according to roentgen findings 


Control series 45 cases Roentgen findings Main series 45 cases 
i ‘ seq. cong. i 
with without total q. cong aDeseedhin total without with 
dysp. dysp. pyl. sten. dysp. dysp. 
3 39 12 1 2 2 
3 6 2 
15 Total without seq. cong. pyl. sten. 10 
>. 
(100 (22 
0 0 0 3 5 
0 0 0 7 19 8 


2 
) Total with seq. cong. pyl. sten. 35 


(78 


The figures for Groups 1 and 2 added together indicate the total num- 
ber of cases without roentgenologic signs of seq. cong. pyl. sten., and 
those for Groups 3 and 4 the number in which these signs were present. 

It is seen that, among the patients with a history of cong. pyl. sten., 
35 (78 °,) presented signs of after effects of the stenosis, while 10 (22 %) 
displayed no such signs. Of these 35 cases, 14 showed obvious narrow- 
ing of the prepyloric region, whereas the narrowing was less marked in 
the remaining 21 cases. Among the group with no history of cong. pyl. 
sten. we found no signs of corresponding changes at the pylorus. 

In order to determine the incidence of narrowing of the prepyloric 
region in a series of unselected cases we reviewed the films of 100 roentgen 
examinations of the stomach carried out in our Department in 1953. The 
roentgen diagnosis in all cases was negative, and only in one case did the 
films reveal a minor prepyloric constriction. 

Finally, to make out whether duodenal ulceration as such might 
give rise to stricture of the prepyloric section, we compared the 14 pa- 
tients in the main series who displayed signs of ulceration (Table 2) 
with 30 out-patients suffering from de monstrable duodenal ulceration. 
None of the patients had, as far as they knew, had pyloric stenosis in 
infancy. Further selections were not performed. Only two of the pa- 
tients presented narrowing of the prepyloric region, against eight of the 
14 patients in the main series (Table 3). 


Table 3 
Frequency of narrowing of the prepyloric region in patients with peptic ulcer 
Prepylorie region 


not 


narrowed 
narrowed 


0 out-patients with duodenal ulcer without a history of cong. pyl. sten. 28 2 
14 from main series with peptic ulcer with »  » » » » » 6 8 
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Discussion 


The results of the roentgen examination of adult subjects treated med- 
ically in infancy for cong. pyl. sten. suggest a higher incidence of peptic 
ulceration among these than in an unselected control series. This is in 
agreement with the results of previous clinical investigations (BENDIX 
and NECHELES 1947, STEINICKE NIELSEN 1954). 

However, the series under review is not an unselected group of patients 
with a history of congenital pyloric stenosis. It constitutes part of a larger 
group from a previous work, comprising 95 subjects with cong. pyl. sten., 
among whom 28 per cent had clinical symptoms of gastritis or ulcer. As, in 
any case, the chance of finding changes in the stomach is greater among 
patients with clinical symptoms than among those without, the results 
achieved do not present an altogether correct picture of the incidence of 
ulceration in adult cases with a history of cong. pyl. sten. 

In spite of this source of error we may be justified in stating that roent- 
gen evidence of ulceration was far more frequent among the cases of pre- 
vious cong. pyl sten. than in the control group. The difference is partic- 
ularly marked if from both series set out in Table | we take only the groups 
without dyspepsia. We then find 5 cases (about 20 %) with roentgen 
evidence of ulceration among the cong. pyl. sten. cases, against none with 
signs of ulcer among the 39 without symptoms in the control group. 


Furthermore, the investigation showed that marked narrowing of 


the prepyloric region was demonstrable roentgenologically in the great 
majority of the cases with cong. pyl. sten., but not in the control group 
with no history of pyloric stenosis. 

The question then suggests itself whether the abnormalities found may 
be regarded as the after effects of cong. pyl. sten. 

The high frequency of fairly uniform abnormalities of the prepyloric 
region in adults with a history of cong. pyl. sten. suggests that these were 
sequelae of the congenital disease, the more so because similar changes were 
rare in the control group. This hypothesis is further borne out by the fact 
that previous examinations of children up to 10 to 12 years old treated 
medically for pyloric stenosis revealed similar abnormalities (WALL- 
GREN 1937, RuNsTROM 1939, and ANDRESEN 1940). RuNsTROM examined 
107 children, all treated medically yo pyloric stenosis, at intervals of | or 
2 years from infancy, and in a few cases up to the ages of 11 or 12 years. 
me showed that typical changes in association with manifest cong. pyl.sten., 

e. abrupt transition from the proximal portion of the antrum to the 2 cm 
cet: prepyloric section persisted past the manifest stage. Further- 
more he demonstrated that the changes in the individual case grew less 
pronounced as growth proceeded. He concluded, on the basis of this work 
and further studies (RUNsSTROM 1955) that the changes disappear com- 
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Fig 1. Marked narrowing of the prepyl. Fig. 5. Marked narrowing of prepyl. 1 

region. Slightly elongated pyl. canal. No — gion with deformity and central ulcer niche 

signs of ulcer. History of cong. pyl. sten. of first part of duodenum. History of 
cong. pyl. sten. 


pletely before maturity: in our opinion, however, there can hardly be any 
Joubt that in the great majority of cases treated medically for cong. pv. 
sten., gastric abnormalities will still be roe ntgenologically demonstrable. 

Whether a relationship exists between the higher inc idence of ulcera- 
tion among cases of previous cong. pyl. sten. and changes in the prepyloric 
region is then another question. The mere fact that uniform and character- 
istic abnormalities of the prepyloric region were present in 27 out of the 
45 cases with pyloric stenosis (vide Table 2), without these including roent- 
genologic signs of ulceration is significant. However, examinations of the 
prepyloric region of the stomach in inflammatory conditions of the 
stomach (HaAworTH and Rawts 1949, BUcKER 1950. Litja 1954) have 
suggested that the lumen may be narrowed in gastritis: the incidence was 
not mentioned. 

As previously stated, in 30 cases with duodenal ulcer and no history of 
pvloric stenosis we found narrowing of the prepyloric region in no more 
than two (7 °%) (Table 3). On the other hand, in 14 cases with cong. 
pvl. sten. and roentgenologic signs of peptic ulcer, we found 8 (57 °,) with 
narrowing (Fig. 5). 
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Fig. 6. Slight narrowing of prepyl. region, but with abrupt transition to well-filled 
antrum above; no signs of ulcer. History of cong. pyl. sten. 


Peptic ulcer thus seems so rarely to effect narrowing of the prepyloric 
section that in cases with a history of pyloric stenosis and subsequent 
development of ulceration it seems warranted to regard the narrowing 
as an after effect of the stenosis. We therefore felt justified in including 
in the pyloric stenosis material cases with ulceration on equal terms with 
the remaining cases presenting roentgenologic signs of seq. cong. pyl. sten. 

The conclusion must therefore be warranted that if roentgenologic 
changes in the prepyloric region are as described they may be regarded 
as sequelae of cong. pyl. sten. This picture cannot, of course, be said to 
be pathognomonic of this state, changes in the distal part of the stomach 
being extremely difficult to assess. 

Regarding the question of only slight changes within the normal 
range of variations we must state that we have only included cases showing 
constant characteristic changes as representing sequelae of cong. pyl. sten. 
The narrowing of the prepyloric region shown in Fig. 6 is, for instance, only 
slight. But it must be emphasized that all the films obtained showed a 
constant abrupt transition from the antrum to the distal 2 to 3 em of the 
prepyloric region; the normal continuation of the peristaltic wave was 
not observed. 

In this connection we would also mention benign pyloric hypertrophy 
in adults. In several cases of cong. pyl. sten. we found abnormalities 
bearing a striking resemblance to those in the literature described in as- 
sociation with benign pyloric hypertrophy in adults. In these cases con- 
striction of the distal 2 or 3 cm of the prepyloric region is also found 
(KrrKLIN and Harris 1933). It is, in fact, a commonly held view that 
the hypertrophy in adults is due to changes persisting after cong. pyl. 
sten. 
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Conelusions 


The examinations described showed that the incidence of peptic ulcer 
was higher among adults who had been treated medically for cong. pyl. 
sten. than in an unselected series of controls. Furthermore, it was seen 
that in 35 out of 45 cases with a history of pyloric stenosis the distal 
2 or 3 cm of the prepyloric region of the stomach presented permanent 
narrowing with an abrupt transition to the adjoining normal portion of 
the antrum. Similar abnormalities were not found in any of the controls. 

We are therefore of the opinion that the gastric abnormalities demon- 
strated in cases previously treated for cong. pyl. sten. generally persist 
into maturity. The changes are independent of possible symptoms. 
Finally, ulceration alone does not appear to produce such changes more 
often than in an unselected control series without cong. pyl. sten. Hence, 
when a roentgenologic examination of the stomach reveals permanent 
narrowing of the prepyloric region, seq. cong. pyl. sten. should be sus- 
pected. 


SUMMARY 


The roentgen examination of 45 cases with a previous history of congenital pyloric 
stenosis revealed characteristic changes in the prepyloric part of the stomach in 35 (78 °,). 
No corresponding changes were revealed in a control group of 45 unselected patients. In 
addition the examinations revealed peptic ulceration in 14 of the cases against only two 
in the control group. 


ZUSAMMENFASSUNG 


Die Réntgenuntersuchung von 45 Fiillen, die anamnestisch eine kongenitale Pylo- 
russtenose hatten, offenbarte charakteristische Veriinderungen des pripyloralen Ab- 
schnittes des Ventrikels in 35 Fiillen (78 ©,). In einer Kontrollgruppe von 45 nicht aus- 
gewihlten Patienten wurden keine entsprechenden Verinderungen entdeckt. Weiterhin 
fand man bei den Untersuchungen in 14 Fallen peptische Geschwiire, wihrend derartige 
in der Kontrollgruppe nur in 2 Fallen vorkamen. 


RESUME 
L’examen radiologique de 45 cas ayant des antécédents de sténose congénitale du 
pylore a révélé dans 35 cas (78 %) des modifications caractéristiques de la région pré- 
pylorique de lestomac. L’examen d'un groupe témoin de 45 sujets pris au hasard n’a 
pas montré de modifications analogues. De plus, examen a révélé une ulcération peptique 
dans 14 de ces cas, contre deux seulement dans le groupe témoin. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: DOCENT SOLVE WELIN), MALMO 
ALLMANNA SJUKHUS, UNIVERSITY OF LUND, SWEDEN 


ON THE VISUALIZATION OF THE RENAL PELVES 
IN CHOLEGRAPHY 


by 
Georg Theander 


It is known from the pioneer work of LANGECKER, HARWART and 
JUNKMANN (1953) that Biligrafin is eliminated in the bile and the urine. 
These authors found 3.2 to 18.4 °%, of the dose in the 24 hour sample 
of urine, a finding confirmed by FROMMHOLD (1953), BILLION (1954), 
PaAHL (1954) and TREBBIN (1954), who found that in normal cases roughly 
10 per cent of the dose is excreted in the urine within 24 hours. Ac- 
cording to FROMMHOLD, PAHL and TREBBIN, the percentage of Biligrafin 
excreted in the urine is larger in the presence of hepato-biliary disease. 

The renal excretion of Biligrafin is sometimes apparent as radio- 
graphic visualization of the renal pelves (GAEBEL and TESCHENDORF 1953, 
et al.). Though this is usually only fragmentary, a true urogram is 
sometimes obtained. Thus, in one patient examined by the writer, choleg- 
raphy incidentally revealed a renal cyst (Fig. 1). 

Demonstration of contrast medium in the renal pelves is supposed 
to be of diagnostic importance and widely considered suggestive of 
hepato- hil ry disease. On the other hand, by masking the bile ducts the 
accumulation of contrast medium in the right renal pelvis impairs the 
interpretation of the former. 

The purpose of the present investigation was to determine whether 
visualization of the renal pelves in cholegraphy is significantly related 
to hepato-biliary disease and if not, whether it could be avoided by a 
suitable choice of contrast medium or adjustment of the dose employed. 

Material and methods. The investigation was based on 452 consecutive 
cholegraphic examinations lasting for 1 hour or more after the injection 
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of the contrast medium. During the 
examination the patient lay more 
or less supine. No instructions to re- 
strict the fluid intake had been given. 
The contrast media used were the 
disodium salt of N : N!-adipin-di- 
(3-amino-2,4,6-triiodobenzoic — acid) 
in a 20°, solution, 7. ¢., commercial 
siligrafin on 386 occasions and a 
lithium salt of this substance in a 
40°, solution (supplied by the cour- 
tesy of Schering A. G., Berlin) on 66 
occasions. The former preparation 
was given in a dose of 8 g or less in 
181, and 12 g in 205 examinations. 
Of the latter preparation, 8 g or 
less Was given on 64, and 12 g on 2 
occasions. (In a few cases the entire 
dose of 8 g was not injected because 
of the appearance of side-effects.) 
Sixty-five (65) examinations were 


Fig. 1. 


Filling of renal pelves in choleg- 


raphy with cyst in the upper pole of the 
right kidney; incidental finding made at 
follow-up examination after cholecystec- 


performed in the presence of jaun- 
dice, apparent from the discolora- 
tion of the sclerae or revealed by 


tomy and verified surgically. 


laboratory tests: in 311 examina- 
tions jaundice was not present. Since 
analysis of these two groups showed that the jaundice did not influence 
the frequency with which the renal pelves were visualized, the remaining 
76 examinations in which the records contained no note as to the pres- 
ence or absence of jaundice were included in the further investigation. 

Roentgenograms covering the region of the biliary system and the 
right kidney were usually taken every 10 minutes during the first hour 
or more of the examination. When the contrast medium appeared in 
the renal pelvis (renal pelvis is to be understood here and in the fol- 
lowing as renal pelvis and or calyces), it did so within 10 to 20 minutes 
of the injection. When the renal pelvis was no longer demonstrable 40 
minutes after the injection, visualization was classed as short, otherwise 
as long. 

Results. Of the 452 cholegraphic examinations accounted for, visualiza- 
tion of the renal pelvis occurred in 264 (58 °,). 

Visualization was of short duration in 20 °, and of long duration in 
38 °, of the examinations. The corresponding figures for various sub- 
groups of the material are given in Diagrams 1 and 2. 
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ZY, OuRATIO SHORT DURA SHORT DURATION 
GFA || 
Diagram 1. Visualization of right renal Diagram 2. Visualization of right renal 
pelvis in®, of examinations: A) in the pelvis in ®,, of examinations: A) with dif- 
esence, B) in the absence, of jaun- ferent doses of commercial Biligrafin. 
dice. B) with the lithium salt. 


It is clear from Diagram | that the presence of jaundice had no sig- 
nificant influence on the frequency or duration of the visualization of the 
renal pelvis. The frequency, however, varied with the dose of the di- 
sodium salt used (Diagram 2). Thus, 12 g demonstrated the renal pelvis 
more often than did 8 g or less (72 ©, as against 42 ©, of examinations). 
(in the other hand, the duration was not significantly influenced by the 
size of the dose. , 

The lithium salt demonstrated the renal pelvis more frequently than 
the disodium salt in corresponding doses (62 °, as against 42 °,, of ex- 
aminations), but the visualization was more frequently of only short 
duration (Diagram 2). 


Discussion 


(ZAEBEL and TESCHENDORF (1953) found that in the presence of liver 
insufficiency or after jaundice Biligrafin appeared in the renal pelves 
but not in the bile ducts, and then within the same time as it normally 
appeared in the bile ducts. Thev therefore claimed that Biligrafin might 
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be used for testing liver function. The opinion has since been expressed 
by various workers in this field that cholegraphic visualization of the 
urinary system may be suggestive of hepato-biliary disease (NISSEN and 
HORSTMANNSHOFF 1953, GERSHON-COHEN et coll. 1954, NerMouRs- 
AuGustE and BaraG 1954, RUCKENSTEINER 1954, BERK et coll. 1955). 
The renal pelves have, however, been visualized in cholegrams of ap- 
parently healthy persons (SENEQUE 1954) and the author has de- 
scribed one case, in which at repeated cholegraphy no contrast substance 
could be demonstrated in the renal pelves of a patient with atresia of 
the hepatic ducts. 

Observations made in the present investigation did not support the 
assumption that cholegraphic visualization of the renal pelves is sugges- 
tive of hepato-biliary disease. 

Contrast medium in the right renal pelvis is superimposed upon the 
biliary system, especially the extrahepatic bile ducts, and consequently 
impairs the investigation of the latter. Tomography to demonstrate the 
anatomy may be helpful in such cases, but since visualization of the renal 
pelves is apparently of no diagnostic significance per se, it is preferably 
to be avoided. 

Though it is the most useful method available for non-surgical radiog- 
raphy of the bile ducts, cholegraphy often fails to demonstrate the 
biliary system satisfactorily. The larger dose of Biligrafin was tried in 
an attempt to eliminate this disadvantage. This increase in the dose 
failed, however, to produce the desired effect. Moreover, the present in- 
vestigation showed that the use of the larger dose increased the frequency 
with which contrast medium appeared in the right renal pelvis. In ad- 
dition, earlier investigations showed that the frequency of side-reactions 
tended to increase with the dose of the contrast medium used. The large 
dose of 12 g should therefore not be employed. 

In the choice between the disodium and lithium salts of Biligrafin 
preference should be given to the latter; although it fills the renal pelves 
more frequently, this visualization is often of only short duration and 
therefore of minor importance and more than outweighed by the lower 
toxicity and by the higher frequency with which the biliary system is 
satisfactorily demonstrated. 


Probenecid, which is known to retard the renal excretion of some drugs (BoGER et 
coll. 1950), was tried in a few cases in an attempt to prevent the visualization of the 
renal pelves by Biligrafin, but without any definite benefit. Neither did previous 
hydration appear to have any effect. 
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SUMMARY 


An analysis of the results of 452 unselected cholegraphic examinations after the 
injection of commercial Biligrafin or a lithium salt of Biligrafin is presented. The in- 
vestigation provided no support for the belief that visualization of the renal pelves in 
cholegraphy is suggestive of hepato-biliary disease. 


ZUSAMMENFASSUNG 


Kine Analyse der Ergebnisse von 452 Cholegraphien nach Injektion von kommer- 
ziellem Biligrafin oder einem Lithiumsalze des Biligrafins wird vorgelegt. Die Unter- 
suchung ergab keine Anhaltspunkte fiir die Annahme, dass die Sichtbarkeit der Nieren- 
becken bei der Cholegraphie fiir eine hepatobiliire Erkrankung spricht. 


RESUME 


L’auteur présente une étude analytique des résultats de 452 examens cholégraphi- 
ques apres injection de Biligrafin du commerce ou d'un sel de lithium de Biligrafin. Cette 
recherche n’a fourni aucun appui & opinion que lopacification des bassinets rénaux au 
cours de la cholégraphie doit faire penser 4 une affection hépato-biliaire. 
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR: PROF, KNUT LINDBLOM), 
KAROLINSKA SJUKHUSET, STOCKHOLM, SWEDEN 


ROENTGEN EXAMINATION OF THE INFERIOR 
VENA CAVA IN RETROPERITONEAL 
EXPANDING PROCESSES 
by 
C. G. Helander and A. Lindbom 


The examinations of the inferior vena cava by means of contrast 
media does not appear to have received great attention. A roentgeno- 
gram of an inferior vena cava filled with contrast medium was published 
by pos Santos in 1935. O’LouGHLIN, FartNas (1947) and others have 
described techniques for the roentgenography of this vessel and isolated 
or small numbers of cases have also been published by BRonTE-STEWART 
and Goetz, Durr and GRANGER, OLIVIER, SURINGTON and JONAS, and 
others. As we have developed a technique with certain new features for 
the contrast examination of the inferior vena cava, this report upon its 
employment in 55 cases may be of interest. 

Method. Following a local anaesthetic, polyethylene catheters were 
introduced percutaneously into both common iliac veins by the SEL- 
DINGER method. The catheterization was not essential but we found 
the advantages sufficiently great to warrant the addition of this fairly 
simple procedure. The patient could be handled more easily especially 
in the oblique position and no extravasation of contrast medium which 
might have occurred had needles been used was encountered. Unilateral 
injection often proved sufficient but a more complete filling of the vena 
cava was obtained when the injection was performed on both sides. 

The patient was told to strain heavily (Valsalva’s experiment) and 
25 ml of sodium acetrizoate 20 °% were injected with considerable pressure 
(7 to 10 ml per sec) and simultaneously into the catheters on each side. 
An exposure was made at the end of the injection and followed by 
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a b 
Fig. 1. Inferior vena cava, normal case. a. A-p, b. Ob- Fig. 2. Inferior vena cava, 
lique. Lumbar spine followed closely up to L. 1. Slight oblique, normal case. Up- 
bulge antero-laterally just cranial to confluence. Blurr- per part of vein has a more 


ing of contour at influx of renal vein (1). Orifice of anterior direction than in 
renal vein (!), Filling defect caused by r. renal Fig. 1. Defect caused by 
artery (1). r. renal artery (‘). 


another not more than two seconds later; a simple casette changer, manu- 
ally operated, was employed. 

The examination was performed with the patient supine and tilted 
45° to the right. After the first injection, films of the kidneys were 
obtained and the second injection was carried out only when the contrast 
medium was seen to be excreted bilaterally. 

The effect of straining varied greatly in the patients examined. In 
most instances the flow through the vena cava was slowed down and 
the contrast-filling improved. In a few patients the flow was almost 
inhibited, so that no filling of the cranial part of the vein was obtained. 
In these patients a further injection had to be carried out with the 


patient holding his breath but not straining. A slight modification of 


the method was done in some of the cases. In order to diminish the risk 
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Fig. 3. Relation of lower part of vena cava to aorta. a. Venography, and b. Aortography 
in same projection. Filling defect at confluence caused by r. iliac artery which runs 
anterior to |. iliac vein, 


of thrombosis the patient was told to be out of bed during the days fol- 
lowing the examination. No complications were observed in the series. 

Material. Fifty-five (55) cases were examined with this method and 
in 39 no pathologic changes were found, 7. e. no deformity of the vena 
cava was seen. In 16 cases deformities, obviously caused by expanding 
processes in the vicinity of the vein, were visualized: in 3 cases an en- 
larged kidney pelvis was evident, and in the remaining 13 a malignant 
process was discovered. In all these 13 cases, except one of renal tu- 
mour, a biopsy had been made, in most instances, however, from other 
localizations of the growth. Autopsy was performed in 3 cases of this 
group confirming the finding at venography and operative verification 
was obtained in 2. In 2 instances the tumour which caused the venog- 
raphic changes was palpated. In 1 case the deformity of the vein had 
disappeared at a further examination carried out after irradiation. One 
case improved considerably after roentgen treatment of the region in 
which a deformity of the vein had been seen. In the remaining 4 cases 
the venographic findings could not be directly verified. The deformity of 
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Fig. + Fig. 5 
Fig. 4. Hodgkin's disease. Inferior vena cava compressed from behind by large retro- 
A 

peritoneal tumour. Only small amounts of contrast medium pass through narrow lumen 

remaining anteriorly (*). Collateral circulation mainly through lumbar veins. Autopsy 

t mths after examination verified findings and showed no signs of thrombosis in 
vena cava. 

Fig. 5. Malignant lymphoma. Large retroperitoneal mass, displacing and compressing 
vena cava. 


the vein was however so great that an expanding process was the only 
reasonable explanation for the appearances. 

In the normal material 6 cases were examined in both the antero- 
posterior and the oblique projections, in 9 cases only in the latter, and 
in the remaining 24 cases only in the former projection. 

In the pathologic material 8 cases were examined in both the antero- 


posterior and the oblique projections and 8 cases in the antero-posterior 


projection only. In all cases where both projections were obtained de- 
formities were seen in both. 
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Normal findings and ana- 
tomic considerations. The level 
of the caudal end of the vena 
cava in 36 cases varied within 
the cranial and caudal limits 
of the 5th lumbar vertebra. 
The right common iliac artery 
caused a filling defect in the 
left anterior part of the vena 
cava and in the left common 
iliac vein at the confluence of 
the iliac veins (Fig. 3). The 
left margin of the vena cava 
ordinarily ran 0.5 to 1 em to 
the right of the midline with 
its right margin about 1 cm 
lateral to the outer border of 
the vertebral bodies, the vein 
mainly following the same 
course as the lumbar spine. The 
right margin of the vena cava 
often made a slight rounded 
bulge to the right, just cranial 
to the junction (Fig. 1). In 
some cases the vein deviated slightly to the right during its cranial course. 
At the influx of the renal veins (which in 22 cases varied between the 
Ist and 3rd lumbar vertebrae) a blurring of the contours was generally 
evident (Fig. 1). In rare cases an orifice of a renal vein was contrast- 
filled (Fig. 1). 

The right renal artery often made an impression in the posterior wall 
of the vena cava (Fig. 1). When the kidneys were displaced downwards 
during Valsalva’s experiment the right renal artery was seen to be 
directed caudally. This finding was verified in one of our cases in which 
during a venography in the oblique projection the last film happened 
to be exposed late and when the contrast medium was filling out the 
aorta and its abdominal branches. A comparison of the venogram and 
the arteriogram showed that the right renal artery fitted exactly into 
the defect in the vein. In the sagittal plane the vein was contiguous 
with the anterior lateral aspect of the lumbar spine up to the middle 
of the 3rd lumbar vertebra, the filled lumen often showing minor 
irregularities of the vertebrae and discs. A slight deviation forwards took 
place between the 3rd and Ist lumbar vertebra, where the medial crus 


Fig. 6. Malignant lyraphoma. Vena cava displaced 
anteriorly by presumably retroperitoneal lym- 
phomas 
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a b c 


Fig. 7. Cancer of uterus. Deformity of the vena cava by retroperitoneal process, prob- 
ably metastases. a. A-p, b. Oblique, c. Aortography. No deformity of aorta. 


of the diaphragm is interposed between the spine and the vein. The vein 
thus in some cases continued close to the vertebrae up to the 12th thoracic 
vertebra, but in most cases left the spine somewhere between the 3rd 
lumbar and 12th thoracic vertebra (Figs. 1 and 2). 

The breadth of the vein was regular from the confluence of the iliac 
veins to the openings of the renal veins, where the diameter slightly 
increased. 

The following anatomic features are pertinent: The inferior vena cava 
is surrounded by lymph glands some of which are situated behind and 
some to the left of the vessel. The right kidney is in close proximity 
to the vena cava. The sympathetic chain lies behind the vein. 

The pathologic material of retroperitoneal expanding processes de- 
forming the inferior vena cava is accounted for in the following 
case summaries. 
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Fig. 8. Slowly growing ganglioneuroma between aorta and vena cava. Vena cava com- 
pressed to right with narrowed lumen (a and b); aorta displaced to left (c). 


Case summaries 


Symptoms or signs 


ise Age Diagnosis referable to retro- Compression 

Sex ; of vena cava 

peritoneal lesion 

| 33 3 | malignant lymphoma ............ edema of scrotum almost total 

7 D8 metastas. from uterine cancer ....| edema of legs almost total 
9 54 slight 
11 66 suprarenal tumour ............... palpable tumour almost total 
13 D1 sarcoma growing into vena cava and 

visible. 

15 5D none 


| |_| 
“ 
| 
atin 
| 
| 
| 
| 
| 


296 Cc. G. HELANDER AND A. LINDBOM 


Discussion 


The vena cava has thin walls and 
is prone to be deformed by ex- 
panding processes in the retroperito- 
neal space, especially when the vessel 
is dilated during straining. In one pa- 
tient who died 5 days after the roent- 
gen examination, a hard lymphoma 
measuring approximately | x 2 cm 
was found in the angle between the 
vena cava and the left renal vein 
where a deformity of the vein had 
been seen in the venograms. Tumours 
of such size would probably only in 
exceptional cases be detected with 
this method. A growth of about the 
size of a walnut should, however, in 
our opinion be seen if situated in the 
vicinity of the vena cava. 

In cases of malignant lymphoma 
the establishment of a retroperitoneal 
situation is of importance for the 


Fig. 9. Impression in vena cava by the region where a deformity had been 
large right-sided hydronephrosis. — seen at venography improved the 
condition of several patients. 

The finding of periaortic metastases in carcinoma of the uterus is 
important for the classification and treatment of the case. Information 
concerning the situation and extension of a retroperitoneal sarcoma may 
be obtained with this method of investigation and in some cases may 
be the only way of establishing the diagnosis. 


SUMMARY 


Venography of the inferior vena cava was performed in 55 cases. The normal appear- 
ance of the vessel is described. Deformity of the vein by expanding lesions was present 
in 16 cases. Retroperitoneal lymph gland enlargement, e.g. malignant lymphoma and 
metastases from uterine cancer, as well as other tumours in the vicinity of the inferior 
vena cava, may be detected and localized by the method. 


ZUSAMMENFASSUNG 


Die Venographie der Vena cava inferior ist in 55 Fiillen ausgefiihrt worden, Das 
normale Aussehen der Gefiisse wird beschrieben. Eine Deformierung der Vene durch 


diagnosis and therapy. Irradiation of 
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expandierende Zustiinde lag in 16 Fallen vor. Anschwellungen retroperitonealer Lymph- 
driisen, z. B. bei malignen Lymphomen und bei Metastasen von Gebarmutterkarzinomen, 
sowie andere Tumoren in der Nihe der Vena cava inferior kénnen durch diese Methode 
entdeckt und lokalisiert werden. 


RESUME 


La phlébographie de la veine cave inférieure a été pratiquée dans 55 cas. L’aspect 
normal de ce vaisseau est décrit. Dans 16 cas la veine était déformée par des lésions 
expansives. Cette méthode permet de détecter et de localiser augmentation de volume 
de ganglions lymphatiques rétropéritonéaux, par exemple lymphome malin et méta- 
stases de cancer de lutérus, ainsi que d’autres tumeurs au voisinage de la veine cave 


inférieure. 
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FROM THE ROENTGENDIAGNOSTIC DEPARTMENT (DIRECTOR: PROF. OLLE OLSSON), 
UNIVERSITY CLINICS OF LUND, SWEDEN, AND THE ROENTGEN DEPARTMENT 
(DIRECTOR: GOSTA FORSSMAN), COUNTY HOSPITAL, LANDSKRONA, SWEDEN 


THE BILE DUCTS OF CHOLECYSTECTOMISED 
PATIENTS WITH AND WITHOUT DYSKINESIA 
BEFORE AND AFTER MORPHINE INJECTION 
A preliminary report 
by 
Erie Gunnarson 


Dyskinesia and related problems have long been the subjects of dis- 
cussion. As far back as 1903 KRUKENBERG described biliary colic in cases 
in which subsequent operation failed to reveal the cause. 

In the nineteen-twenties BERGMAN and his pupil WEsTPHAL showed 
that in the rabbit the biliary ducts, gall-bladder, and the sphincter of 
Oddi, are controlled reciprocally by the autonomic nervous system. 
WESTPHAL expressed the opinion that spasm of the sphincter of Oddi 
is the cause of most biliary diseases, even of infections and stone forma- 
tion. Their investigations were concerned with the conditions in an intact 
biliary tract. As to cases subjected to cholecystectomy WESTPHAL stressed 
that removal of the gall-bladder has no influence on the spasticity of the 
sphincter. 

In recent years more interest has been focused on post-operative 
biliary dyskinesia. 

In 1928 Ivy demonstrated the occurrence of a hormone, cholecysto- 
kinin, secreted by the duodenal mucosa and acting specifically on the 
musculature of the gall-bladder. Cholecystokinin is widely believed to 
play an important réle in the emptying of the gall-bladder. 

In 1934 Ivy and SANDBLOM reported that in experimental animals 
the sphincter of Oddi can resist a pressure of 800 mm H,0O, that the 
pressure at which bile is expelled from the gall-bladder does not exceed 
300 mm H,.O, and that the sphincter can therefore prevent the expulsion 
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a b 


Fig. 1. Symptom-free patient. a. Common bile duct 6 mm in width 50 min after injection 
of contrast medium. b. Width of duct unchanged 20 min after injection of morphine. 


of the bile. They injected duodenal extract (with cholecystokinin) into 
19 apparently healthy volunteers. In 3 of them the injection was followed 
by biliary colic, which shows that biliary symptoms may be functional 
in origin. 

They also suggested that an irritated or hypertrophic sphincter might 
explain biliary colic not infrequently occurring after cholecystectomy, 
the operation as such being followed by only a temporary paralysis of a 
spastic sphincter. 

Best and HickeEn (1935), and HuLTEN (1944) stressed that although 
closer investigation showed that many cases originally classed under 
the heading of biliary dyskinesia were due to mechanical obstruction 
of the common bile duct, by stones for example, there still remained a 
number of patients with biliary symptoms. HuLTEN ascribed these to 
increased tone in the sphincter of Oddi with consequent increased pres- 
sure in the biliary tree, an increase enhanced by the removal of a func- 
tioning gall-bladder otherwise capable of distending and relieving part 
of the pressure. He also stated that if the biliary changes are advanced 
and the function of the gall-bladder severely impaired, the sphincter 
of Oddi will adapt itself to the increased pressure before cholecystectomy. 
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In addition he claimed that the intrahepatic biliary ducts contain no 
muscle cells and the common bile duct only a few. 

LAGERLOF described in a contribution (1943) a new laboratory method, 
a morphine secretin test for diagnosing postoperative dyskinesia (pub- 
lished 1947). According to this test, secretin is injected intravenously 
and one hour later, a mixture of secretin and | cg of morphine. In the 
presence of dyskinesia the subsequent pancreatin ferment and bilirubin 
level in the serum, will be much higher than otherwise. In addition, in 
patients with biliary dyskinesia the injection of morphine will produce 
the same type of pain as during attacks. 

SANDBLOM (1943) reported that most cases of biliary dyskinesia were 
seen in patients in whom the gall-bladder had been removed and that the 
condition was fairly rare in those not so treated. 

Increased tone of the sphincter of Oddi is still accepted as the essential 
cause of postoperative biliary dyskinesia (KJAERGAARD 1952 and KJELL- 
GREN 1954). 

Cholangiography was introduced in 1931 by Muirizzi, in 1940 he 
demonstrated operative cholangiograms described as typical of a spastic 
sphincter of Oddi. He stressed that the contrast medium should be in- 
jected slowly in order to avoid mechanical irritation of the sphincter. 

On the other hand later investigators such as Rupstrém (1943) 
claimed that it is not possible to say with certainty whether or not Spas- 
ticity of the sphincter as demonstrated in the cholangiogram, is due to 
the operative trauma. 


Until 1953 the purpose of roentgenography in the investigation of 


postoperative dyskinesia was to determine whether the condition was 
due to mechanical obstruction such as stones missed at operation. HULTEN 
(1943) pointed out that the introduction of cholangiography as a routine 
method had shown that residual stones, especially if intrahepatic, often 
remained undetected at operation. This was confirmed by NorMAN 
(1951), who further elaborated the method of operative cholangiography. 

For many years it has been the rule at the University Hospital, Lund, 
to carry out cholangiography during operation, and, if indicated, also 
after operation. Figures based on material from that hospital are there- 
fore valuable in the evaluation of the frequency of postoperative dys- 
kinesia. In the Lund material late postoperative symptoms (dyskinesia 
and intestinal symptoms) were reported by 17.4 per cent of the females 
and by more than 20 per cent of the males. The frequency of late post- 
operative symptoms was more than 7 times higher if the gall-bladder was 
functioning (filling obtained at oral cholegraphy) than if it was not func- 
tioning before extirpation (EKDAHL 1953). 

The advent of Biligrafin in 1953 made it possible to study the biliary 
tree without surgical intervention. 
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Fig. 2. Patient with severe dyskinesia. a. Common bile duct 5 mm in width. b. Width of 
duct increased to 10 mm 20 min after injection of morphine. 


In 1954 HornykKieEwytscH and STENDER stressed the difficulty in 
differentiating between a hypertonic sphincter and a small choledochus 
stone lodged in the papilla of Vater. In the diagnosis of dyskinesia they 
directed special attention to the width of the common bile duct. Since 
the common bile duct is often of normal width in patients with dyskinesia 
(FEINE 1955), it was thought worth while studying the width of the duct 
after increasing the tone of the sphincter of Oddi. 

The present preliminary report is concerned with an investigation of 
the width of the common bile duct before and after the subcutaneous 
injection of morphine in patients with 

1) no postoperative symptoms 

2) slight to moderate postoperative symptoms 

3) severe symptoms. 

In order to secure as objective an evaluation of the symptoms as possible 
for classification of the patients, postoperative dyskinesia was judged 
mainly by the frequency rather by the duration and intensity of the attacks. 
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Fig. 3. Patient with severe dyskinesia. a. Good filling of bile ducts and free flow into 

duodenum 50 min after injection of contrast medium. b. 20 min after injection of mor- 

phine: Common bile duct is distended and no contrast medium enters duodenum. c. 35 

min after injection of morphine: Duct still distended and no contrast medium in du- 

odenum. d. 5 min after administration of spasmolytic agents (nitroglycerin and reci- 
pavrin): contrast medium now enters duodenum. 


Method. The first part of the examination consisted of ordinary chole- 
graphy. Fifty minutes after the injection of Biligrafin, excretion films 
were taken, after which i ey (0.1 mg kg bodyweight) was injected. 
Cholegrams were taken 10, 20, 25, 35, and 40 minutes, after the injection 
of morphine. In the presence of postoperative symptoms the injection 
of morphine often causes pain of a type readily recognised by the patient. 
After the serial cholegrams had been taken, attempts were made to 
control the spasm of the sphincter. We used 8 drops of nitroglycerin 
sublingually + 1 ml recipavrin intravenously. The effect was checked by 
films taken 5 and 10 minutes after the injection of the recipavrin. All 
films were obtained at the same angle. 

The width of the common bile duct was measured at the same level 
throughout. The relative variation in the width of the common bile duct 
was then determined on the basis of the average measurement before 
and after the administration of morphine and spasmoly tic agents. 

Material. The material consisted of 54 cholecystectomised patients. 
Of these 14 (12 females and 2 males) were symptom-free, 26 (23 females 
and 3 males) had slight to moderate symptoms and 14 (13 females and 
1 male) had severe symptoms. 
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On preoperative oral cholegraphy of 37 of the patients with post- 
oper: ative sv mptoms, a filling of the gall-bladder was obtained in 26. 

The postoperative symptoms except those which were intestinal 

consisted of oppre ssion, distension, tenderness or pain in the upper 
right part of the abdomen, very often about half an hour after the meals, 
and lasted between 15 and 30 minutes. 

Results. The administration of morphine (0.1 mg kg hodyweight) in 
association with cholegraphy of 54 cholecystectomised patients produced 
an average increase of 24 per cent in the width of the common bile duct. 


Table 
Cases with 
Increase per cent in width Xo Mild 
of common bile duct 
sVmptoms <Vmptoms sVmptoms svmptoms 
0 
10—20 %, .. 10 2 2 6 
Cases 54 14 7 19 14 
Effect of morphine: average increase 
(4.4) % 14° 26 ° 7% 


In 37 of the 54 cholecystectomised patients examined, the widening 
of the common bile duct after the injection of morphine was more than 
12 per cent. The widening was most marked in the group with severe 
symptoms and slight or not demonstrable in the symptom-free group. 


SUMMARY 


In a preliminary investigation of the change in the width of the common bile duct 
following the injection of morphine to increase the tone of the sphincter of Oddi, it was 
observed that the drug produced marked distension of the duct in cholecystectomised 
patients with severe biliary dyskinesia, but only slight or no distension in those without 
this « ondition. 


ZUSAMMENFASSUNG 


Bei einer preliminiren Untersuchung der Lumenverianderungen des Ductus hepaticus 
communis nach einer Morphiuminjektion zur Tonuserhéhung des Sphincter Oddi machte 
man folgende Beobachtung. Die Droge erzeugte bei cholezystektomierten Patienten mit 
schwerer biliirer Dyskinesie eine ausgesprochene Dilatation des Ductus: wenn eine 
derartige Dyskinesie nicht vorlag, fand man keine oder nur eine leichte Erweiterung des 


(ranges. 
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RESUME 


Au cours de recherches préliminaires sur les modifications du calibre de la voie 
biliaire principale aprés injection de morphine pour augmenter le tonus du sphincter 
d’Oddi, Pauteur a observé que la morphine produit une distension marquée de la voie 
biliaire principale chez les malades cholécystectomisés atteints de dyskinésie biliaire 
grave, mais peu ou pas de distension chez ceux qui en sont exempts. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROF. FOLKE KNUTSSON), UNIVER- 
SITY HOSPITAL, UPSALA, SWEDEN 


CHOLECYSTOGRAPHY DURING LACTATION 
by 


Kaj H:son Holmdahl 


There are divided opinions about the reliability of peroral cholecystog- 
raphy during lactation. According to OLsson (1943) and PoLGArR (1944), 
iodine may be excreted in the milk to influence the result of the in- 
vestigation. The preparations concerned were Tetragnost and Jodcholin 
and had the disadvantage of adversely affecting the mother and child. 
Contrast media of the Telepaque type seem to be more favourable from 
the point of view of low toxicity and ease of excretion. 

Since no data had been published on cholecystography with these 
latter preparations during lactation, it was decided to investigate the 
matter at this clinic. Twenty-one (21) cholecystographies were performed 
on lactating mothers, at varying intervals after confinement, using 
Telepaque in 11 cases (6 to 12 tablets) and Bilijodon in 10 cases (6 to 12 
tablets). The gallbladder failed to show filling in only one case, sub- 
sequent operation revealing cholecystitis and calculi. 

The infants were suckled as usual and showed no reactions to the 
contrast medium taken by the mothers. 

In 11 cases the milk was analysed according to a method employed 
by ScHERING (incineration, oxidation, and titration with sodium thio- 
sulphate). 

In 2 cases the mother suckled her child instead of taking a fatty 
meal in order to determine whether this led to emptying of the gall- 
bladder. The finding was negative. 

The amount of milk secreted was arrived at by weighing the infants 
and by measuring the expressed breast milk. These data are represented 
together with the analytic findings in Diagrams 1 and 2 and Table 1. 

The figures in the tracings refer to case numbers in Table 1, which 
shows the amount of iodine excreted in the milk. 

Submitted for publication 17 August 1955. 
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Mg iodine in 


secreted milk Diagram 1. Telepaque. 
4 
9 
8 
6 
5 
4 
5 
Hours after 
71 8 12 18 18 17 19 21 28 26 27 administration 

Amounts iodine excreted during the 19 to 29 hours after administra- la 
tion of medium (f). Controls of all cases showed no iodine one hour ex 

before. The figures in tracings refer to case numbers in Table 1. 


Mg iodine in 
secreted milk Diagram 2. Bilijodon. was 
sul 

Ke 


res 
no 
8 & F AL 18 15 17 AY Ql BW Ww administration O1 


Amounts iodine excreted during the 19 to 23 hours after administra- 
tion of medium (f). Controls of all cases showed no iodine one hour Pr 
before. The figures in tracings refer to case numbers in Table 1. 


CHOLECYSTOGRAPHY DURING LACTATION 307 


Table 1 
Amount of Total amount 
Case Gallbladder iodine ad- of iodine 
No. filling ministered, excreted, 
mg mg 

1 good 3,960 T 29.9 

2 poor 2,640 T 17.1 

3 good 3,960 B 9.74 

4 good 2,640 B 10.5 

5 good 2,640 T 29.23 
6 poor 2,640 B 9.19 

7 good 3,960 B 25.64 
x poor 2,640 T 6.72 
poor 2.640 B 10.14 
10 poor 1,980 T 21.04 
1] poor 2,640 B 16.60 


Conclusions 
With preparations of the Telepaque type, cholecystography during 
lactation is reliable. The infants are not adversely affected and the 
excretion of iodine in the milk does not alter the result of the investigation. 


SUMMARY 


Cholecystography was performed with good results during lactation in 21 cases, 
in 11 of which excretion of iodine in the milk was determined. The infants showed no 
reactions to the contrast medium. 


ZUSAMMENFASSUNG 


Die Cholezystographie wurde wihrend der Laktation in 21 Fiillen mit gutem Re- 
sultat durchgefiihrt. In 11 von diesen wurde die Jodausscheidung in der Milch analysiert. 
Keine Reaktion der Siuglinge gegen das Kontrastmittel wurde beobachtet. 


Al 
RESUME 
Des cholécystographies ont été pratiquées pendant lallaitement avee de bons 
résultats dans 21 cas. Dans 11 des cas l’exerétion d’iode dans le lait a été mesurée. Les 
nourrissons n’ont présenté aucune réaction au produit de contraste. 
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UNIVERSITY HOSPITAL, COPENHAGEN, DENMARK 


RIB NOTCHING 
FOLLOWING THE BLALOCK-TAUSSIG OPERATION 


by 
Olaf Petersen 


The occurrence of symmetric rib notching in patients with coare- 
tation of the aorta was first reported by R6sLER in 1928 and by Rats- 
BACK & Dock in 1929. 

For some years this sign was considered pathognomonic of coare- 
tation, and indeed costal erosions do occur in a large proportion of the 
cases. FIGLEY (1954), for instance, demonstrated erosions in 77 °, of 
patients over 2 years of age suffering from this disease. 

Subsequent studies have shown, however, that rib notching may 
also co-exist with other diseases: Hypertension and arteriosclerosis, 
aortic and mitral valvular disease (LAUBRY & HEIM DE BALsac 1937), 
cavernous haemangiomas of the thoracic wall (TAKARO & CLAGETT 
1951), arteriovenous aneurysms of the intercostal vessels (HENCH & 
Horton 1933), neurofibromatosis (Hott & WricHut 1948), and tuberous 
sclerosis (BUDENz 1950). Erosions caused by dilatation of the inter- 
costal veins have been reported by McCorp & BAVENDAM (1952). 

Unilateral rib notching in coarctation of the aorta may be observed 
in cases where the stenosis is close to the origin of the left subclavian 
artery (BAYLEY & HoLouBEK 1940, McLAUGHLIN 1951). 

In this connection it must also be mentioned that unilateral rib 
notching has been observed in a 38-year-old patient with congenital 
heart disease of the Steno-Fallot type (BATCHELDER & WILLIAMS 1948). 

Lastly, Kent (1953) and Levin & RIGLER (1954) have shown that 
unilateral rib notching may develop following the Blalock-Taussig 
operation for congenital heart disease of the Steno-Fallot type. Kent 
reported 2 patients, a 2-year-old boy with pulmonary stenosis, tricuspid 


Submitted for publication 14 December 1955. 


ti 

it 

al 

W 

A 

fr 

tl 

h 

¢ h 

q 

a 

0 

fi 

g 

} 

te 

| a 

] 

0 

t 

0 

} d 


“as 


RIB NOTCHING FOLLOWING THE BLALOCK-TAUSSIG OPERATION 309 


atresia, and dextrocardia, and a 9-year-old boy with the tetralogy of 
Steno-Fallot. In the former, angioc vuniaaaiier one year after the opera- 
tion showed that the anastomosis had thrombosed and, in the latter, 
it proved impossible to make an anastomosis between the subclavian 
and pulmonary arteries after the division of the subclavian. The erosions 
were diagnosed 2'/, years and 6 months respectively after the operation. 
All 8 patients re ported by Levin & Ricier suffered from the tetralogy 
of Steno-Fallot. At the time of the Blalock-Taussig operation they were 
from 6 months to 13 years of age. Notching of the ribs was diagnosed 
from 6 months to 4 years 9 months after the operation, and at that time 
the anastomosis did not function in any case. The three patients who 
had bilateral operation had erosions only on the side on which the shunt 
had closed. 

Hence, in all reported cases of rib notching following the Blalock- 
Taussig operation a total of 10 — the anastomosis between the sub- 
clavian and pulmonary arteries could not be established or had subse- 
quently closed. On the basis of these findings Levin & RIGLER con- 
clude that the presence of rib notching following this operation indicates 
a non-functioning anastomosis and that it may be the first evidence 
of its closure. 


Writer’s material 


To test the validity of these claims and to gain an impression of the 

frequency of rib notching, the author reviewed case records and roent- 
genograms of 100 consecutive cases with congenital heart disease of the 
Steno-Fallot type submitted to operation in the Surgical Department 
t of the Copenhagen University Hospital during the period June 1948 
to September 1954. Eleven patients who had had only the Barrett 
operation were excluded. Three patients had had a bilateral Blalock- 
Taussig operation and another two the Barrett operation on one side 
and the Blalock-Taussig procedure on the other. 

Out of the 103 Blalock-Taussig operations, 27 were performed in 
1948, 18 in 1949, 30 in 1950, 9 in 1951, 3 in 1952, 11 in 1953, and 5 in 1954. 

All the patients had chest radiography prior to the operation, and none 
of the films showed notching of the ribs: after the operation rib notch- 
ing was found in 17, 6 girls and 11 boys. At the time of operation 
these patients ranged in age from 2 to 19 years, average 9.8 years. In 
cases of bilateral operation, the age is reckoned from the operation on 
the side on which erosions developed. Bilateral notching was not found 
in any case — not even following bilateral operation. The interval between 
operation and detection of rib notching varied from 13 to 58 months, 
average 37.7 months. This finding is, however, of little value as the 
patients were not subjected to regular roentgenographic control. 
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Fig. 1. Progression in costal erosions in patient submitted to Blalock-Taussig operation 

for congenital heart disease of Steno-Fallot type. Anastomosis between the subclavian 

and pulmonary arteries still functioning. A) 1 year; B) 3 years; C) 5 years; D) 7 
years after operation. 


At the time when rib notching was detected, the function of the 
anastomosis between the subclavian and pulmonary arteries was satis- 
factory in 14 cases, whereas in 3 the shunt appeared to be closed. The 
criterion of anastomotic function was the auscultatory finding of the 


| 
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characteristic systolic-diastolic murmur heard over the shunt on the 
anterior and frequently also on the posterior aspect of the chest. In 5 
of the 17 cases with erosions, angiocardiography was performed at a 
varying period after the operation. Filling of the anastomosis proper 
was not obtained in any of these cases, but they exhibited a more ample 
vascularization of the homolateral lung. In one case, moreover, the 
intercostal arteries were distinctly increased in width on the affected side. 

Some of the patients showed marked progression in the extent and 
depth of the rib notchings at follow-up examinations performed at 
intervals of several years without any alteration being demonstrable 
in the clinical condition (Fig. 1). 

In most cases the erosions affected several ribs at the same time, 
usually the 3rd and 4th, but in some cases even as far distal as the 7th. 
The first rib was not involved in any case. 


Discussion 


Rib notching following the Blalock-Taussig operation for congenital 
heart disease of the Steno-Fallot type must be interpreted as an objective 
sign of the development of collateral circulation to the upper limb. It 
corresponds to the finding of dilated pulsatile arteries low down on the 
neck antero-laterally (KENT 1953). 

In the present series rib notching occurred in 17 % of the patients 
who had undergone the Blalock-Taussig ope ‘ration, most frequently in 
those with the longest follow-up period, 7. e. 8 out of 27 patients operated 
on in 1948, 5 out of 18 in 1949, 4 out of 30 in 1950, whereas none of the 
patients operated on during the period 1951—1954 showed any signs 
of rib notching. 

From a haemodynamic point of view, there is no reason why rib 
notching should develop only in cases of a non-functioning anastomosis. 

On the basis of the present material it does not seem likely that rib 
notching in patients who have been submitted to the Blalock-Taussig 
operation should justify any conclusions regarding the function of the 
anastomosis. 


SUMMARY 


Out of 100 patients who had had the Blalock-Taussig operation for congenital 
heart disease of the Steno-Fallot type, 17 exhibited unilateral rib notching. Most of 
these had a functioning anastomosis between the subclavian and pulmonary arteries. It 
is concluded that the presence of rib notching does not justify conclusions regarding the 
function of the shunt. 


ZUSAMMENFASSUNG 
Von 100 Patienten, die wegen kongenitaler Herzkrankheit des Typus Steno-Fallot 
einer Operation nach Blalock-Taussig unterzogen wurden, wiesen 17 unilaterale Rippen- 
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einbuchtungen auf. Die Mehrzahl dieser Fille hatte eine funktionierende Anastomose 
zwischen der A. subelavia und der A. pulmonalis. Es wird konkludiert, dass das Vor- 
handensein von Rippeneinbuchtungen keine Schlussfolgerungen beziiglich der Funktion 
der Anastomose rechtfertigt. 


RESUME 


Sur 100 malades ayant subi lPopération de Blalock-Taussig pour cardiopathie con- 
génitale du type Steno-Fallot, 17 présentaient des érosions costales unilatérales. Chez 
la plupart de ces malades, l’anastomose entre les artéres sous-claviére et pulmonaire 
fonetionnait. On en conclut que la présence d’érosions costales ne permet pas de conclure 
quant au fonctionnement du shunt. 
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MONOCHROMATIC ROENTGEN RAYS IN CONTRAST 
MEDIA ROENTGENOGRAPHY 


by 
Michel Ter-Pogossian 


The usefulness of contrast media in roentgen diagnostics is often 
limited by their low concentration after dilution by body fluids. The 
limitations encountered in clinical work may be overcome either by 
finding less toxic, highly concentrated compounds or by increasing the 
roentgen ray absorption coefficient of the contrast media used. An 
investigation of the possibilities of increasing the roentgen opacity of 
contrast media by physical means forms the subject of this communica- 
tion. 

The roentgenographic density of soft tissue injected with a contrast 
medium relative to non-opacified tissues of similar nature and thickness, 
is dependent upon the amount of contrast medium traversed by the 
radiation and on the absorption coefficient of the medium for the radia- 
tion used. This relative density is independent of the absorption coeffi- 
cient of the soft tissue, since the addition of contrast material results in 
the enhancement of the opacity cast by the injected soft tissue. 

The absorption of roentgen rays in matter is usually expressed as 
the fractional reduction of the intensity of the beam of radiation tra- 
versing the absorber. The mathematic relationship between the inten- 
sities of the primary and transmitted beams is: 


I 


I,: Intensity of incident beam 

I: Intensity of transmitted beam 
e: Base of natural logarithms 

u: Absorption coefficient 

x: Amount of absorber traversed 
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100 The absorption coefficient may be ex- 

33.164 Kev 1ODINE pressed in em?/g. If such notation is used 

i the amount of absorbing medium tray- 
ersed is expressed in g/cm?. 

Absorption coefficients are functions 
of the atomic number of the absorber 
and of the wavelength of the radiation. 
They will in general, in the diagnostic 
roentgen ray energies range, decrease as 
the energy of the radiation increases and 
increase rapidly with the atomic number 
of the absorber. In the case of soft tissues, 
the average atomic number is relatively 

H/p low, consequently their absorption coef- 
ficients are also low to roentgen rays. 
The injection of a contrast medium with 
ae a high atomic number into soft tissues 
10 50 100 «Kev results in a denser shadow in the roent- 
Diagram 1. Roentgen ray absorp- genogram than the surrounding soft tis- 
tion coefficient of iodine as afune- gue due to the higher absorption coet- 
ficient of the contrast medium. 


cm3g 


tion of radiation energy, showing 
the K absorption discontinuity (After 


an This treatment of the theory of con- 
approximation of the function de- trast media roentgenography IS only 
scribed, roughly correct. The study of roentgen 


ray absorption coefficients of various 
elements as a function of wavelength reveals that the curve repre- 
senting this function exhibits a series of sharp-peaked discontinuities, 
which contradicts the above theory since it shows that the absorption 
coefficient may be greater at higher than at lower energies. The pres- 
ence of these discontinuities is due to a sharp increase in the absorp- 
tion coefficient when the energy of the radiation reaches a value equal 
to that of the binding energy of one of the inner electronic shells of the 
absorber. As the energy of the radiation increases beyond such a value, 
the absorption coefficient decreases until the energy of the radiation 
reaches a value sufficiently high to eject electrons from a more tightly 
bound shell, this resulting in further discontinuity of the absorption coef- 
ficient. The position of these discontinuities corresponds therefore, for any 
given absorber, to the binding energies of its electronic shells. The K shell 
absorption peak occurs at the highest energy since it corresponds to the 
electronic orbit with the highest binding energy (see Compron and ALLI- 
son). The K absorption peak for iodine is shown in Diagram 1. 
The energy of the absorption edges increases with the atomic number 
of the absorber because of the dependence of the binding energy of the 
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Fig. 1. Apparatus for determination of absorption of roentgen rays in iodine. X: tube. 
F: 3 mm Al filter. C: defining cone. C,: first collimator. P: lucite phantom. A: absorption 
cell. Cy: second collimator. G: cross-hatch grid. D: scintillation counter detector. 


electronic shells on the charge of the nucleus. A list of K absorption edges 
with the corresponding energies was compiled by Frve and HENDEE. 
It is interesting to note that the existence and position of these critical 
absorption edges result in the apparent paradox, in certain radiation 
energy ranges, that between two elements, the one with the higher atomic 
number has a lower absorption coefficient. Thus, between approximately 
33 and 70 kilovolts, the absorption coefficient for roentgen rays of iodine 
(atomic number 53) is considerably higher than that of tungsten (atomic 
number 74): even lead is less opaque to roentgen rays in this energy 
range. It appears that iodine is an excellent contrast medium, and even 
superior gram for gram than heavier elements such as lead or tungsten. 

In conventional roentgenogri iphy the radiation used is polye ‘hromatic 
and only a fraction of it is absorbed in the K absorption band of the 
contrast material. It should be possible to improve the contrast obtained 
with contrast media in conventional roentgenography by using mono- 
chromatic roentgen rays having an energy corresponding to ‘the ab- 
sorption peak of the contrast material used. This possibility was suggested 
by CLarK and by Jacospson. The following study is an investigation of 
the improved contrast that can be obtained by the use of monochromatic 
radiation in iodine contrast media roentgenography. 

The reasons for restricting this study to iodine-containing contrast 
media were as follows: 

1. lodine (and the neighbouring elements) has an unusually high 
absorption coefficient in the diagnostic roentgen ray range. 

2. The low toxicity of many iodinated contrast media has been 
widely investigated. 

The variation of the roentgen absorption coefficient of iodine as a func- 
tion of the energy of the radiation is illustrated in Diagram 1. The absorp- 
tion coefficient in the 33 keV range is at least four times higher than at 
energies of 30 keV, or greater than those at 50 keV. It is consequently 
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reasonable to assume that 
contrast obtained with io- 
dinated contrast media 
will be considerably en- 
hanced if the radiation 
used is monochromatic 
and has an energy in the 
neighbourhood of 33 keV, 


improvement ob- 
tained can conveniently 
he determined only by 


Fig. 2. Lucite phantom and absorption cell. the uncertainty concern- 

ing the factors of spectral 

distribution of the polychromatic roentgen radiation, and its distortion 
due to filtration by the absorbing tissue. 

The first step in this experimental investigation consisted in measur- 
ing the narrow beam absorption coefficient of iodine for conventional 
roentgen rays. The experimental apparatus used for this determination 
is shown in Fig. 1. It consists essentially in a filtered source of roentgen 
rays, a series of lead collimators, an iodine-containing absorber placed 
within a tissue equivalent phantom, and a radiation detector. 

The source of radiation used for this experiment was a conventional 
roentgen diagnostic installation consisting of a rotating anode tube 
filtered, in addition to the inherent filtration, with 3 mm Al and con- 
nected to a 120 kV, 200 mA transformer. Two lead collimators with 6 mm 
and 12 mm apertures, respectively, were placed as indicated in Fig. 1. 
The diameter of the beam traversing the absorber was approximately 
1 cm. A cross-hatch grid was introduced between the last collimator and 
the detector to reduce the intensity of the scattered radiation. The 
absorber was a parallelepipedal lucite cell (Fig. 2) with a square cross- 
section, 1.3 em thick and 13 em high. The iodinated absorber consisted of 
a solution of sodium acetrizoate in water. This form of soluble iodine 
was selected because of the small number of elements, other than iodine, 
present. It was considered that the presence of these elements, because 
of their low atomic number, would introduce a negligible error in the 
measurements. A total of 11 concentrations of iodine ranging from 0 
to 0.25 grams of iodine per cm* were used. These concentrations ranged 
between 0 and 0.325 grams of iodine per cm*. The cell containing the 
iodine solution was placed in the center of a cubic lucite phantom, ap- 
prox. 20 x 20 « 20 cm (Fig. 2). 

Since this study constituted an attempt to improve the opacity of 


However, the amount of 


measurements because of 
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5 cm 
contrast media as observed 


on standard roentgen film, 
it appeared that the de- if 
tector of the radiation A 

should have an energy 
response as close as pos- 


sible to that observed in 
roentgen film under stand- : 


ard conditions. Most of the Fig. 3. Scintillation counter detector. P: phosphor (in- 
photographic blackening tensifying screen). I: lucite ‘light pipe’. P—M: photo- 
of the film is due to the multiplier tube. 

intensifying screens rather 

than to direct radiation. Consequently, it was decided that the wave- 
length response of the detector should be that of a typical intensifying 
screen. This was achieved by using a scintillation counter as a de- 
tector, the phosphor of which was a piece of intensifying screen. The 
detector is illustrated in Fig. 3. The phosphor was a fragment, meas- 
uring 1 cm*, of “Kodak Ultra Speed’ ‘back screen’. This phosphor was 
attached to the bevelled end of a lucite rod which transmitted the 
light induced in the phosphor to the photocathode of a ‘Dumont’ 6291 
photomultiplier tube contained in a light-tight aluminium housing. The 
current from the photomultiplier tube was fed into a vacuum-tube 
microammeter. 

The results of these measurements are shown in Diagram 2. The 
values plotted are the intensities of radiation transmitted against the 
thickness of iodine traversed ex- 
pressed in g'cm*. The values were 
obtained with 90, 70, and 40 keV, 
roentgen rays. An analysis of these 
curves shows: 

1. That the absorption of 
radiation in iodine increases as the 
peak kilovoltage is decreased from 
90 to 40 keV. This result is easily 
explainable on the basis of the 
iodine absorption coefficient curve 
shown in Diagram 1. 

2. The semi-logarithmic plot 
in Diagram 2 is definitely curved, 0 0.30 
the shape of all the gor ines indi- Diagram 2. Pree of 90, 70, and 40 
cating a decreasing absorption keV,, roentgen rays (added filtration: 3 mm 
coefficient. This result is due to Al) in iodine. Abscissa: amount of iodine 
the gradual filtration of the poly- traversed expressed in g/cm’. 
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chromatic radiation as the thickness of the iodine is increased, an effect 
enhanced by the differential absorption of the radiation by the iodine. 


The values of the absorption coefficients of iodine for increasingly thick | 
absorbers are shown in Table 1. 


Thickness of iodine traversed (g/cm*) 


0.013 
0.065 
0.130 
0.325 


| HN, 


Fig. 4. Apparatus for determination of 


absorption of monochromatic roentgen 
rays. Polychromatic radiation gener- 
ated by conventional roentgen tube 
(X) is partially absorbed in cerium 
radiator (R) thus exciting nearly mono- 
chromatic cerium characteristic fluor- 
escence. The latter traverses absorbing 
cell (A), and is detected by scintilla- 
tion counter (D). Primary radiation 
filter (F) 3mm Al. Cerium radiation 
filter (F) 1 mm Al. Primary radiation 
not absorbed in radiator (R) is stopped 
in lead radiation trap (T). 


Table 1 
Absorption coefficient (em*/g) 
40 keV, 70 keV, 90 keV, 
25 13 11 
narnia 17 13.5 10 
14 11.5 9.2 
7.8 7.0 


This variation of the absorption 
coefficient is undesirable in contrast 
media roentgenography as the trend 
to use more concentrated contrast 
media results in relatively diminishing 
returns. 

The second step of this investiga- 
tion consisted in performing the above 
experiment with monochromatic roent- 
gen rays in the iodine absorption 
band. The monochromatic radiation 
was produced by exciting the charac- 
teristic K fluorescent radiation in ce- 
rium with roentgen rays. The K absorp- 
tion discontinuity for iodine takes place 
at 33.164 keV and the K.,, line of cerium 
has an energy of 34.717 keV (Fine 
and HENDEE), which makes it adequate 
for the purpose. The experimental ap- 
paratus arrangement is shown in Fig. 
4. The radiation was filtered by 3 
mm Al, collimated by a 12 mm colli- 
mator and then allowed to fall on a 


cerium radiator. The latter consisted of 


a cerium hydrate pellet 1 cm in diam- 
eter and containing approx. 0.35 g ce- 
rium. The fluorescent radiation of ce- 
rium was used at 90° from the ex- 
citing roentgen rays, and it was colli- 
mated and filtered with 1 mm AI. 
The absorbers and detector were identi- 
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cal to the ones employed in the previous —_004 
experiment. No phantom was used in 


this experiment because of the low in- = 
tensity of the monochromatic radia- 50] 
tion. 

It was assumed that the absence of 
a phantom in this experiment did not '”' 
invalidate the procedure for the following ™ 


reasons: The inter-position of a phantom 
in the path of the radiation under study 
disturbs it by the combined effect of 
two interactions: filtration and scatter- 0, 
ing. The cerium fluorescent radiation is 
nearly monochromatic as shown by its 


absorption in iodine (Diagram 3), con- 5 

sequently its energy spectrum should not [~aem 
be appreciably distorted by filtration. re 

The narrow beam geometry adopted in 0 0.10 0.20 


these experiments eliminates the major _,,. o/em* 
Diagram 3. Absorption of cerium 


portion of the most probable large angle fluorescent radiation in iodine. Same 
scattered photons while the photons scat- scale and conventions as in Dia- 
tered in a small angle or in a forwards gram 2. 

direction undergo little or no change in 

energy and consequently should not appreciably affect the results of 
the measurement. 

The latter are shown in Diagram 3 which is a logarithmic plot of 
the percentage of radiation transmitted versus the amount of iodine 
traversed. The absorption curve is almost linear and indicates that the 
radiation was nearly monochromatic. The slope of the curve corresponds 
to an absorption coefficient of 28 em?/g which is in fair agreement with 
the value (25 cm?/g) reported by JacoBson. 

A comparison of the results plotted in Diagrams 2 and 3 indicates 
that the absorption in iodine of the characteristic fluorescent radiation 
is considerably higher than that of polychromatic radiations. Conse- 
quently one can expect a superior contrast from iodine contrast media 
by the use of suitable monochromatic radiation. The improvement to 
be expected over the use of 70 keV, roentgen rays may be readily cal- 
culated from the curves in Diagrams 2 and 3. This improvement will, 
of course, depend on the amount of iodine used because of the expo- 
nential nature of the absorption of roentgen rays. Table 2 shows the 
thicknesses of iodine in g/cm? which will cast shadows of equivalent 
density with 70 keV, roentgen rays and with monochromatic radiation 
from cerium. 
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Table 2 


Equivalent thicknesses of iodine in g/cm? 


70 keV, roentgen rays Monochromatic cerium fluorescent radiation 
0,020 0.010 
0.050 0.025 
QO.150 0.070 
0,200 0.077 
0.250 0.095 
0.300 Q.102 
0.350 0.105 


Table 2 shows that monochromatic radiation of suitable energy 
will allow iodine contrast roentgenography with concentrations of media 
two to three times lower than at present employed. Such an improve- 
ment in relative opacity may be of value in various diagnostic procedures 
in which toxic reactions are anticipated at high concentrations of iodine 
contrast media. 

The application of the described method to clinical roentgen diagnos- 
tics requires a considerably lower energy roentgen radiation than that 
ordinarily used. It is probable that the amount of energy dissipated in 
the patient will be higher if the cerium fluorescent radiation is used than 
with conventional 70 keV, roentgen radiation. It is consequently im- 
portant to determine whether the use of such low energy radiation would 
result in exposing the patient to excessively high doses of radiation. 

An investigation was carried out to determine the order of magnitude 
of the relative amounts of radiation delivered to the patient with fluores- 
cent cerium radiation and with 70 keV, roentgen rays. The coefficients 
of absorption of water were measured for 70 keV,, roentgen rays traversing 
a 20 cm lucite phantom, and for the fluorescent radiation of cerium. 
The measurements were performed with the apparatus described. The 
absorption coefficient for 70 keV, roentgen rays was determined by 
measuring the decrease in radiation intensity when 1.3 g/cm? of water 
were placed in the centre of a lucite phantom, approx. 20 g/cm* thick, 
traversed by the radiation. It should be noted that because of the distor- 
tion of the energy spectrum of the 70 keV, radiation due to filtration in 
the phantom material one cannot expect a constant absorption coeffi- 
cient. The quantity measured is consequently typical of the described 
experimental conditions, and represents the lowest value of the absorp- 
tion coefficient. The absorption measurement with cerium radiation 
was performed without a phantom since the radiation used was nearly 
monochromatic. The results obtained were: 0.22 cm?/g for 70 keV, 
roentgen rays and 0.31 cm?/g for the cerium radiation. If it is assumed 
that the average thickness of a patient is 20 g/cm*, the ratio of the 
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incident to the transmitted radiation will be at the most six times greater 
for the cerium radiation than for the 70 keV, roentgen rays. Approxi- 
mately the same number of réntgens are required to produce a given 
photographic exposure on roentgen film with intensifying screens with 
70 keV, roentgen rays as with 33 keV radiation (UNTERMEYER). Con- 
sequently, a patient will be exposed, at the most, to six times more radia- 
tion when examined with the cerium radiation than when 70 ke\ 
peak roentgen rays are used. 

Although this greater exposure is undesirable, it is still within the 
8 of safety. It should be noted that the above study is not meant 

) be a precise determination of the relative exposures received by a 
vatie nt when examined with the radiations under discussion, but rather 
an evaluation of the order of magnitude of these quantities. It appears 
that the application of the described method is reasonably safe from the 
radiation exposure standpoint. 

The practical aspects of the use of monochromatic roentgen rays in 
roentgenography form the subject of another investigation. 


SUMMARY 


An experimental investigation shows that the relative opacity of iodine contrast 
media in roentgenography may be increased by using monochromatic roentgen rays 
with an energy equal to that of the absorption peak of the contrast material. The mono- 
chromatic radiation used in this investigation was obtained by exciting the char- 
acteristic fluorescence in cerium by means of roentgen rays. The practical application 
of this method will not result in excessive radiation dosage. 


ZUSAMMENFASSUNG 


Eine experimentelle Untersuchung zeigt, dass die relative Dichte des Jodkontrast- 
mittels durch Anwendung monochromatischer Réntgenstrahlen mit einer Energie, die 
dem Absorptionsmaximum des Kontrastmateriales entspricht, erhéht werden kann. 
Die in dieser Untersuchung benutzte monochromatische Strahlung erhielt man durch 
Anregung der charakteristischen Fluoreszenz des Cerium mit Hilfe von Réntgenstrahlen. 
Die praktische Anwendung dieser Methode ergibt keine exzessiven Strahlendosen. 


RESUME 


Une étude expérimentale montre qu’il est possible d’augmenter l’opacité relative 
des produits de contraste iodés en radiographie en utilisant des rayons roentgen mono- 
chromatiques d’énergie égale 4 celle du maximum d’absorption de la substance de contraste. 
La radiation monochromatique utilisée pour cette étude a été obtenue en excitant la 
fluorescence caractéristique du cérium au moyen de rayons roentgen. L’application 
pratique de cette méthode n’entrainera pas une dose de rayonnement excessive. 

22 —563088. Acta Radiologica. Vol. 45. 
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MATRIX THEORY OF QUANTITATIVE APPOSITION 
AUTORADIOGRAPHY 


by 


Erik Odeblad 


The purpose of quantit itive apposition autoradiography in biology 
and medicine is to determine by photographic means the amount of radio- 
isotope in the various parts of a histologic section examined. This paper 
is restricted to analysis through densitometric readings by microphoto- 
metry (or grain counting), and applies mainly to some beta ray emitting 
radioisotopes. The technique of track counting using nuclear emulsions, 
and other autoradiographic techniques is also available for quantitative 
beta and alpha autoradiography. Quantitative gamma ray autoradiog- 
raphy is relatively unimportant. 

The radiation from any point in a histologic section is emitted in all 
directions. This necessarily means that the radiations from adjacent 
parts of the sections interfere (so-named cross radiation) and sum up in 
the formation of the autoradiographic image. The distribution of radio- 
isotope within the section therefore influences the quantitative evalu- 
ation of the autoradiograph. Some aspects related to this problem 
have been published earlier by Dontacn and PELc (1950), Gross, Bo- 
GorocH, NADLER and LEBLOND (1951) and Herz (1951). They were 
developed further by OpEBLAD (1952, p. 88) who propounded the 
conception of a matrix formulation. The matrix theory is focused on the 
calculations or measurements and handling of geometric exposure in- 
tegrals, each of which forms an element in a matrix. The theory of quan- 
titative autoradiography previously, and now in a more precise form, 
presented by the author, will therefore be given the name ‘matrix theory’ 


Submitted for publication 26 January 1956. 
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Fig Fig 2 
Fig. 1. Relationship between an infinitesimal part of the section daedyds:,. and an in 


finitesimal part of the emulsion dr.dyd:,, during the autoradiographic exposure, using a 
conventional coordinate system 


2.) Relationship between an infinitesimal part of the seetion dw RdRady., and a 
infinitesimal part of the emulsion, die RdRdy. A evlindric coordinate svstem is used 


Fundamental assumptions 


The notations used are tabulated in an Appendix at the end of th 
paper. In order to enable the mathematic treatment of these problems, 
some simple fundamental assumptions are made. 

1) As regards the distribution of radioisotope in tissue, the section 
may be divided into certain well-defined entities, usually bordered by 
simple geometric surfaces, such as evlindric, spheric or plane. More 
irregular entities may also be handled, These usually follow cytologi 
membranes or histologic margins. It may be stated that as many such 
entities as is considered necessary for any particular biologic problem 
may, in principle, be introduced. 


2) Within such an entity of the tissue (or section) the distribution of 


radioisotope Is assumed to be even (apart from the statistic irregularities 
in the distribution of radioactive atoms) and to have a mean concentration 
of P — radioactive atoms per unit of volume (em*). If 7 is the half-life in 
sec of the radioactive isotope, the number of nuclei in one millicurie 
(mC) is 3.7°10%+7 0.6938. If Vis the volume of the entity in em’, V 
M is the total number of nuclei in the entity. ‘Point’ sources can be 
regarded as entities of strength M. 

3) The effective transmission of the radiant energy from a point souret 
is considered to follow a certain dimensionless function, 7'(c), ¢ being ex 
pressed in g em®. The effective rate of energy loss is then 
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The function A(e) therefore has the 4 
dimension of cm*/g. The significance of , | | sechon 
A(e) will be dise massed in detail later J 

4) A large number of particles (or — 
a ‘mean’ type of beta radiation) are | | 
primarily considered so that no primary “| e| | > emulsion 
attention is drawn to the quantum ; | | 


structure of beta radiation. The discrete 
nature of radiation and its statistical Fig. 3. Geometric arrangement  be- 
implications will be introduced later tween emulsion and section and some 
(pp. 337). notations used, 
5) A coordinate system (x, y, 2, Fig. 

1) is introduced so that the y-direction is perpendicular to the surfaces 
of the emulsion and section. The x and z coordinates may be replaced 
by polar coordinates, the angle coordinate w and radial coordinate R 
(Fig. 2). We assume that the histologic section has an even and defined 
thickness, e (em), and that the interspace between emulsion and section 
is 7 (em). We also introduce the notations @, s: and a as shown in Fig. 3. 


The general case of autoradiographic exposure 


I. Geometric considerations. A small part of the section, occupying the 
volume dardydz, (or RdwdydR,.) is now generally considered: this 
volume contains accordingly P+dxdydz, atoms of radioisotope. This is 
also the flux of beta particles over the whole solid angle (assuming a simple 
disintegration scheme) during infinite time. If different branches of beta 
decay oceur, each branch shall be treated separately with the fractional 
constant p multiplied with P. The total flux of energy from that part 
of the section is accordingly E+ P+ dxdydz,, if EF is the mean beta energy 
per disintegration measured in erg in the beta spectrum. No primary 
attention is drawn to gamma rays. 

In practice the exposure is not, as a rule, continued for infinite time, 
so that only a fraction, here designated K, of all the beta radiation energy 
can be utilized. This is due to the fact, that a certain time is required after 
the point of time = 0 of the injection of radioisotope in the organism 
to the point of time ¢, (sec), when the section can be brought in contact 
with the emulsion. The exposure then lasts from ¢, to ¢, (sec). The dimen- 
sionless factor K is then given by the eq. 

K = exp (— At,) — exp (— (2) 


Where 4 is the disintegration constant, which is 0.693/t, t being the half- 
life in sec 
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As regards the geometric problem, a small volume of the recording 
emulsion, occupying the size dxdydz, and at a distance uw from the 
emitting volume dz,dydz, may serve as an example. The distance y 
is given by the formula 


(a, + (y, y.)? 4- (2, (3a) 


or, in the angular coordinate system: 


R2 PRR, cos (u w,) (y (3b) 
where (w#,—w.) is the angle between the angular coordinates for vol- 


ume elements in section and emulsion, their radial coordinates being 
R. and R., respectively, and their y coordinates y, and y,, respectively, 

The energy absorption in the infinitesimal volume dz.dy.dz, of the 
emulsion may now be written 


and gives the energy absorption in erg per g/cm* at the distance u from an 
infinitesimal source of radiation. The function 7(c) from which A(e) 
is derived by eq. (1) then expresses all the modifications of energy trans- 
mission (due to scattering, backscattering, energy loss etc.) except the 
action of the inverse square law, which is given by the factor 4a. 
The experimental determination of A(c) and its mathematic formulation 
are discussed later (pp. 330). 

From the expression (4) the energy delivered from a finite part of the 
section to a thin ‘rod’ across the emulsion, of cross-section dz,dz, (or 
RdwdR. in angular coordinates), is obtained by a series of four integra- 
tions according to the expression: 


iy (A(c)/u*) - da dy dz dy (6) 


and the energy expense per unit of surface of emulsion in erg per em 
and per (gcm*) W (or the exposure) is accordingly obtained by division 
with the area dz,dz,: 


Here ug is introduced in the place of c, g being the specific density in 
g cm*. The integrals are all definite integrals and taken over the tissue 
volume under consideration and over the emulsion thickness. 


II. Emulsion, response, and densitometry. In any moment, the number 
of newly exposed silver halide grains per unit surface of emulsion, dj, 
is proportional to the number of remaining unexposed ones (J —}) and to 
the exposure, dW: 
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Here j is the number of exposed grains and J is the total number of 
grains per unit surface (cm?). & is a constant. We find: 


kw {dj (J )) In(J 7) (9) 
j= 0 when W = 0, which determines the integration constant (: 


Experimental measurements show that usually 7 < 0.1 J, so we may 
write: 


By definition we assume that all the grains exposed will be developed. 
In the y-direction perpendicular to the emulsion the grains are hetero- 
geneously distributed following a function f(y). We have: 

dl 


] Ky) dy ) 


where J is light intensity, —-d/// is the amount of light absorbed in the 
layer, dy and 6 is light absorption coefficient. We have 


“dl 
I | dy (15) 
or 


where F(y) = 1 f(y)dy and F(y.) = 0 and F(y,;) = ) by definition so that 
D = bj = bJkW 


III. Definition of S (matrix element). By substituting W in eq. (15) 
with the expression in eq. (7) and introducing Q for the quadruple integral 
divided by 42 we obtain: 


This equation defines B out of density (D) or grain number cm? ()). 


By introducing the volume integral V of tissue entity and replacing 
S with @/V in eq. (16) we obtain: 


where PV = M = the amount of radioisotope in tissue entity. 
S is consequently defined by 
gs a WN (18a) 


dz, 
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| 
) 


328 ERIK ODEBLAD 


or, When the cylindric (angular) coordinate system is used: 


ior dw RARAYy 


For a point source S may be reduced to 


"A (ug)dy, 
S (18e) 
1 


As mentioned above and as will be discussed in detail later, S enters 
as a matrix element in an operator which operates on ?V or M.S then 
has to be indexed properly for the various rows and columns in the matrix, 
S has the dimension em/g. The various factors which have entered in 
the equation above, and will enter eq. (19a) below, depend on the type of 
emulsion radioisotope, ete., as indicated in Table [. In the formulae, 
P or, especially when ‘point’ sources are considered, M, are the unknown 
factors, which we wish to determine, that is, the concentration of radio- 
isotope in a tissue or amount of radioactivity in a point source. 


Table I 


Factors on which notations of the mathe lor mulas de nd 


Type of Pressure 
Nota eta spectr. Section Length lied 
Development and max, Half-life thickness of 
tions (see Boyp during 
energy and quality exposure 
1055) ex posure 
h x xX 
J 
k x 
x 
K x x 
x x x x 
A(ugq) x 
q Xx x 
xX 
xX 


The matrix representation of complex autoradiographic exposure 


When an emulsion is exposed by a section, the exposure in any point 
is of complex origin due to cross-radiation, as mentioned in the introdue- 
tion and as indicated in Fig. 5. Let us assume that the histologic section 
contains the entities a, b, ¢,.... (Considering for example the spleen, 
the entities a, b, c,... can be represented by the centre of the lymph 
follicle, the periphery of the lymph follicle, and the red pulp, ‘point’ 
accumulations of colloids in phagocytes in the spleen.) The points 1, 
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2. 3,...N, which are the points of densitometric measurements in the 
film correspond to a, b, ¢...n so that a was close to 1, b to 2, € to 3, 
and so on, during exposure. The densities in the points 1, 2, 3,... N are 
D,, D., Ds... Dy. For each point of measurement we may write an 
equation, the total number together forming a system of simultaneous 


equations, 


(19a) 
B (Dy/bJKER) — + PV | 


All the coefficients in the terms form together a matrix, the matrix ele- 
ment being of the general form Sy,. The matrix elements S operate on 
PV. We may accordingly use the matrix notation: 


| 4, | s | 
(19b) 
B, Sve Sx Sy. | PA 


where the matrix [|S] operates on the matrix |?V] by matrix multiplica- 
tion. or. in abbreviated form: 
|B) = |S] [PV (19e) 


The matrix elements are calculated according to eq. (18a), (18b) or (18c). 
If there are several components or branches of beta rays in the decay 
scheme of the radionuclide under study, we obtain by matrix addition 


[Bi = x (PVD) (19d) 


Due to the different ranges of different beta ray branches the correspond- 
ing matrix elements are not equal in this case, because of the different 
mathematic forms of the factors A(ug) for different beta ray branches. No 
attention will be drawn to the effects of gamma rays. By measuring the 
densities D,, D, Ds, ... Dy at so many points 1, 2, 3, ... as there are 
different entities in the tissue a, b, ¢, ..., we have now the simultaneous 
equations (19a) in such a form that they are possible to solve. There is 
no primary objection against using more rows than columns in the 
matrix, 7. ¢. measurements at more points than the number of structures 
examined, but this is usually unpractical. The main mathematic problem 
lies in the calculation of the matrix elements S,,, S.....Sy, for the 
geometric relations during the exposure between the biologic structure 
and the point of measurement on the emulsion. 
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Numeric evaluation of the matrix elements 


I. Theoretic calculations. As stated above the solution of the geometric exposure 
matrix elements forms the most important and the most difficult part of any problem in 
quantitative apposition autoradiography. Two separate problems mainly arise: (a) The 
most suitable form of the function A(c) and (b) the way to perform the integrations. In 
some cases (c) explicit formulas for matrix elements can be given. 

a. The faector A(ec). The function A(c) for a single beta ray component is 
often given in an exponential form. This is, however, unsuitable in many cases. There 
are two reasons for this: (a) the beta rays have a finite range and (b) it is often difficult 
to perform integrations of functions containing exponential terms. LoEVINGER (1950, 
1955) has tried to determine A(ec) for P® and other isotopes experimentally from plane 
thin sources of radiation. In an effort to find a simple mathematical approximation for 
A(c), an approximate expression for at least P®, S®, Brs? and some other beta emitters was 
found to be 

it 
( 
where C is the maximum range of beta particles gem* and » an exponent (OprBLAp 
1955), the value of which is different for different maximum energies of beta radiation, 
and shape of beta spectrum, usually being 2— 5. 

b. Methods of integration. Elementary integration makes use of 
explicit integration formulas. Most cases possible to solve in this way belong to those in 
which cylindric poiar coordinates are used (eq. 8b). Tables of integrals, as by Dwicnt 
(1949), are of great aid. Often it is possible to introduce minor simplifications which 
enlighten the integrations. This method has been used extensively (partly approximately) 
in an autoradiographic study on the ovarian follicles (OQDEBLAD 1952). Several examples of 
calculations are found below under c. 

If one or several of the steps of integrations of the quadruple and triple integrals are 
impossible by elementary means, one can proceed by numerical integration. One useful 
formula is the well-known Simpson parabolic formula. One may also use the trapezoidal 
formula. These formulas are described in common textbooks of mathematics 

Graphic integration may be used in the same cases as numeric integration. In order to 
evaluate the integral of a function, this is visualized as a curve and the surface under the 
curve is measured within the intervals, either by weighing the paper or by other more 
exact methods (planimetry, ete.) 

ec. Numeric values may be directly introduced in the following (approximate) explicit 
formulas in order to obtain the size of the matrix elements. Lengths should be expressed in 
em and specific density in g/cm? 

1. Exposure below the center of a small circular tissue disc of radius R(R ta). 
Transmission 7(c) is assumed to be approximately unity. 

> 
S | 2es In L 92 In — s,° In In 
( J a s 

2. Exposure below the center of an empty hole of radius R in a very large homo- 
geneous tissue section. In evaluating the integrals (y,—y,) may be neglected compared with 
radial distance and we find: 


S = (n es/4 CV) [2 In (C/gR) — q(n)] ............62... (22) 


Values of g(n): 2; g(n) l. n 3; 11/3. n= 4; = 17/6. n =5; 
p(n) = 137/30. 
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3. Exposure below a very large homogeneous tissue section. This is a combination of 
Cases 1 and 2 and the matrix element is obtained by adding the two partial elements. 


We obtain: 


S 4 es + 2es In es+qg(n) + - In e,? In 
( J qa i 
For values of q(n) see above. 
}. Exposure below the center of a large tissue disc of radius R(C gq R ta). 
Matrix element obtained by combination of Cases 1, 2 and 5 (n 2): 
R gR a a a 


7 Exposure in the center of a large hole in a very large tissue section (Case 3 minus 
Case 4) R radius of hole: » 9- 


6. Exposure below a center of a narrow ring-formed structure of mean radius R and 


width H(R~-H): 


7. Excentric exposure within a large hole in a very large tissue section. Ry distance 
of point of measurement from center. R radius of hole. 
A -es (C/o? — 


A average abs« rption which is about A(q Rs) (R R,)). 
8. Eccentric exposure within a hole in a tissue ring of inner diameter R, and outer 
diameter R,,- Ry distance of point of measurement from center. 
A-se — 


S In 


V R 2 R,2 


A = average absorption which is about A(g \(R,, R,)(R R,)). 


9. Exposure below the middle of a ring-formed structure of average radius R and 
width H: 
a 
Ss A-(H 8V) (2 H {R) e-ln s-In . (29) 
In this formula A denotes an average value of energy absorption, a reasonable expression 
for A being A(q HR 2). 
10. Exposure right outside a tissue dise of radius R. Distance from point of exposure 
to center is G. G > R. 
G2 


S=A-(es4V) In (930) 


Here A denotes average absorption, a reasonable value of A being 


A(g\(G@ + R) (@ — R)). 


| 
| es iy qR | 
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vor | gR (2 ) 
| 
| 


332 ERIK ODEBLAD 


11. Exposure far outside a small tissue dise of radius R. Distance from point of 
exposure to center is G, GR. 


S A(gG)- (Res) 4 GV) A (qf) - 
tal? 


12. Exposure from a small parallelepipedic tissue volume szs, on the horizontal 


distance G from the point of measurement, @ sk 
Ss A(g@) + (rzse/4 aG?V) BOP) (32) 
13. Exposure outside a very long, narrow entity of width z. Perpendicular distance 


to mid-line of this entity being G, G@ 


A average absorption and V $2 | (2 
q~ 


14. Point source, exposure right below the source. The distance from point source to 
emulsion side of section is A: 


15. Point source, exposure to a point on the distance R from point projection on 
emulsion: 
arctg arctg 
aR R R 
Note that V does not enter the expressions for the point source matrix elements in eq. 
(34) and (35). 


IT. Model ¢ rperiments, a. Model ex per iments in natural seale. 
Structures of defined shape and containing a radioisotope in known concentration may be 
constructed e. q. paraffin containing P*-labelled phospholipides mav be loaded with air 
bubbles and sectioned. Measurement of density in the empty areas in the sections corre 
spond to eq. (25) and, when large uniform sections are used, to eq. (23). Sections of various 
thickness and varying diameters of bubbles may be used to evaluate the matrix elements 
for various cases, Other types of geometry may also be designed. 

b Model experiments on an enlarged seale. Tissue models on 
an enlarged scale may be constructed by filling cavities with radioactive solutions emitting 
gamma rays of proper energy to simulate adequate beta ray absorption. Scintillation 
detectors are placed at simulated positions or moved along proper lines to evaluate the 
relative size of matrix elements for different cases. Comparison with a ‘standard’ matrix 


element, ¢. g. from a point source is then undertaken to obtain the absolute magnitude of 


the unknown matrix element. Very complicated problems may be handled in this way, 
e.g. the exposure from irregular epithelial linings, cell nuclei, ete. 


Solution of the simultaneous equations 


Each solution of the simultaneous equations (19a) may be obtained from the matrix 
|S] and the experimental values of B, and written under the form 


Here | B| is a numerator and |S| is the major determinant of [S]. 
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| B| is obtained by successive substitution of certain matrix elements in the expression 
S|. (For details see the book by Arrken 1951 and the contained references.) A matrix 
of third degree is taken for the ry The denominator (determinant) in 7 (36) 


is now |S] Si 4 + and 
the three denominators (in the same term succession) are 

|B, BSS BSS +S S B, SBS+S BS SS B, 

BS SS BSS  BSS+8 8 B,—S BS 


SS B, SBS+S BS SS B+ BS S— BS S, 


unsubstituted matrix elements being denoted by S. 


In a square matrix of » rows and n N columns, the number of terms in the numer- 
ators and denominator is #! For matrices of degree 1, 2, 3, 4, 5, 6, 7, ... the numbers of 
terms are accordingly 1, 2, 6, 24, 120, 720, 5,040, ... If for example a matrix with 7 en- 


tities and 7 points of measurements is used, each value of B is a quotient between two 
expressions each containing 5,040 terms and each term being a product of 7 factors. This 
illustrates how heavy the mathematics may turn out in practice. If six or more entities are 
studied it is wise to employ a computing machine to perform the numeric operations. 


Experimental verification of the principles underlying 
the matrix theory 


In order to verify the validity of the matrix theory an experiment was 
designed to produce a matrix with two rows and two columns. A 10 4 
thick and 0.6 em wide circular disc was made of gelatine containing P** 
in approximately even distribution (precipitated radioactive barium 
phosphate). A point source was simulated by a small crystal of Na, HPO. 
containing P*?. The strength of both these sources was known. The sour- 
ces were placed in the same plane to simulate a histologic section with 
two entities 0.03 to 0.2 em above a piece of film (Gevaert Dentus Rapid 
film) for exposure in air. Their relative distance could be varied. If 
transmission of beta radiation is assumed to approximately unity, the 
formulas for the matrix elements are given in Table II (specially cal- 
culated for the experimental arrangement used). Matrix elements were 
calculated theoretically and measured experimentally. An arbitrarily 
chosen set of values is also shown in Table I] (units of cm Gg). 


Table Il 


Matriz elements in er periine ntal study on validity ol matriaz theory 


Entity 
Densite Examples of Examples o! 
Formulas 
metry theoretic values experimental values 
Disc Point Disc Point Dise Point 

Dise In In | O.054 O.012 0.06 

Point O.006 O.099 0.12 


334 ERIK ODEBLAD 


In a comparison of 24 pairs (6 pairs of sets) of theoretic and experi- 
ment matrix elements, their ratio was 0.96 + 0.14 (standard deviation), 
an agreement which must be regarded as satisfactory and supporting the 
validity of the matrix theory. 


Example of a quantitative determination 


To illustrate the performance of quantitative autoradiographic prob- 
lems, an example will be mentioned. This example is from a study with 
dental roentgen film on the amount of radioactive phosphorus (P**) in a 
follicle of the rabbit ovary. The Graafian follicles 
are vesicular formations in the ovary, which in 
the histologic sections appear as ring-formed 
structures. A Graafian follicle contains fluid in 
the centre and granulosa tissue at the periphery. 
The tissue surrounding the follicle is mainly 
the interstitial tissue of the ovary. In order to 
study radiophosphate uptake in_ these three 
structures, rabbits were injected with | me P®- 
Fig. 4. Print (<15)of auto- labelled phosphate per kg. Histologic sections 
radiograph obtained asde- 10 ” thick were exposed on Gevaert Dental 
scribed in text 1, 2 and 3 Rapid film vg he thick). The interspace was 


denote ints of measure- . 

estimated to lhe rabbit, exemplified here, 

dark and light areasin print Was killed 2 - after injec e% A typical auto- 
increased.) radiograph is shown in Fig. The factor K for 


the e xposure as calculated ace catia to eq. (: 2) 
was 0.40. The product bJkEK was then obtained from special experi- 
ments and found to be 660 g cm. The three entities follicular fluid (a), 
follicular granulosa (6) and interstitial gland (c¢) were examined. Densito- 
metric measurements were undertaken at points (1), (2) and (3) beneath 
these structures as indicated in Fig. 5. Calculation of matrix elements 
according to the eqs. indicated in Table III gave the numerical results 
also shown in that table (the matrix elements given in units of 10° 
cm/g). Introducing these matrix elements in the simultaneous equations 
(19a) gave the results P, 14, P,, 34, and P 18 « 10° atoms of 
P=? per cm* of tissue in the histologic sections. 


Tal 
Table Ill 


Matrix elements for application on P uptake in rabhit ovary 


Entity 
metry Formulas used Numeric values snndion 
a b c a b ( 
l (24) (27) (25) loi/V, O.o4/V, 0.22/) 0.13 
2 (30) (29) (27) 0.18/V, 0.85/V, 0.24/V 0.24 
3 , (23) 0 0 1.27/V 0.15 
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Sechion 


Interspace (exploded) 


Emulsion 


Fig. 5. Schematic representation of the relationship between an ovarian section and 

corresponding autoradiograph. Follicular fluid (a), granulosa tissue (4), and interstitial 

tissue (c) and corresponding points of measurements (1, 2 and 3). In the matrix notation 

the matrix elements corresponds to geometric exposure relationships indicated by arrows 

(double-indexed S). Vertical arrows correspond to diagonal matrix elements and oblique 
arrows to non-diagonal matrix elements. 


This example also illustrates that the sum of the matrix elements 
times volume in every row is always the same (in the present experiment 
1.27- 10° cm’ g). 


Autoradiographie resolution in matrix theory 


It is interesting to note that the concept of autoradiographic resolu- 
tion has not been introduced at all up to the present point. This is of 
some advantage because of the conflicting definitions of the word ‘reso- 
lution’ by various authors and different cases of autoradiographic ex- 
posure. 

Low autoradiographic resolution means that the structure examined 
is not very efficient in giving a selective exposure in the corresponding 
point of measurement, ¢. e. that the corresponding matrix element S 
is small. As pointed out above an ideal autoradiographic technique with 
no cross-over radiation, 7. e. perfect resolution, should be represented by 
vanishing non-diagonal matrix elements: 


C4 
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The resolution of any structure may be considered unsatisfactory if 


the diagonal matrix element is equal or less than the sum of the other 
matrix elements in the row, @. e. it is probable that the other matrix 
elements of the same row contribute to the exposure to the same extent, 
or more, compared with the diagonal matrix element. The more the diag- 
onal matrix element exceeds the sum of the non-diagonal elements, the 
better the resolution of the structure. 

This view of looking on the problem of resolution emerges in a natural 
way from the basic interpretation of quantitative apposition autoradiog- 
raphy. It has the advantage that the resolution may be expressed 
numerically as a dimensionless factor for any radiation entity of any 
shape in the section. 

A numerical expression of resolution, 7, is obtained by calculating the 
value 


where S, is the diagonal matrix element. The sum is along the particular 
row in the matrix. This definition of resolution is applicable to any 
shape of tissue entity of the section and is independent of the concentra- 
tion or amount of isotope in the tissue entities. If, in analogy with eq. 
(38), 

Ss 


is calculated, a numerical measure of the selectivity of the diagonal matrix 
element for the particular entity is obtained. It is wise to try to make 
q and y as high as possible by a proper selection of the points of meas- 
urement, 

It is of some interest to note that the mathematic formulation of the 
matrix element S given in eq. (18c) is proportional to the expression used 
by Dontacn and Pexe (1950) in calculating the resolution for a point 


source, 


Applications, limitations, and errors of matrix theory 


The practical application of the matrix theory is, of course, restricted 
to those cases in which the matrix elements can be evaluated or measured 
numerically with sufficient accuracy. This is possible only if the geometry 
during the exposure is known as in apposition autoradiography, but 
usually not in coating and stripping autoradiography due to the uneven 
sticking of the emulsion to the section. (For details of techniques, see 
for example Boyp 1955.) When performing quantitative autoradiography, 
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the matrix formulation clearly indicates the importance to perform the 
autoradiographic exposure in a geometrically known and defined system. 

Any biologic structure desired may indicate a column in the matrix, 
and the matrix theory has therefore very great flexibility for any auto- 
radiographic problem if the technical requirements of a geometrically 
defined exposure are fulfilled. Very large matrices make the mathematics 
very heavy, which puts a practical limitation on the number of entities 
it is possible to introduce. 

It is important to recall that we are dealing with discrete particles 
causing the exposure, and therefore eq. (19), as well as all other com- 
parable equations have significance only when the statistic variation is 
superimposed. The law governing the random distribution is the Poisson 
distribution law. The standard error, ©, is given by 


where m is the (true) average of the number of particles interacting with 
the er:alsion in the region under consideration. 

In carefully selected cases the thicknesses of the emulsion and the 
section are subjected to variations with standard deviations of about 
10 per cent. Other sources of error, such as uncertainty in the bordering of 
entities, contribute to establish an error of 15 per cent or more in the matrix 
elements. Including densitometric uncertainty, etc., an error analysis per- 
formed with the partial derivatives calculated according to general for- 
mulas show a total error of 30 per cent in P (or WZ). In careful apposition 
autoradiography this error can be somewhat reduced (to about 20 per 
cent). 


Revised lecture given at the 1953 summer course in autoradiography at Oak Ridge 
Institute of Nuclear Studies and at Donner Laboratory of Medical Physics, Berkeley, 
Calif.. U.S. A. The title of this lecture was: ‘Advanced theory of quantitative auto- 
radiography’ but due to subsequent work showing the importance of the matrix repre- 
sentation of the exposure geometry, the title given above is now preferred. 

Grants from the Swedish Medical Research Council and the ‘Reservationsanslaget’ 
and ‘Therese and Johan Andersson’ foundation of Karolinska Institutet, Stockholm, 
have facilitated the work. 


Appendix 
Summary of ge neral netations 


A( ) energy absorption function, eq. (1) and (20). See also Table I. 


a thickness of section + interspace, + emulsion, em. Fig. 5. a= e+ s. 
B D/bDIkKEK =: j/JkEK eq. (16) 

b light absorption coefficient, eq. (12). See also Table I. 

C maximum range of beta rays in g/cm? 

( actual range of beta rays in g/em?; ¢ = ug. 

D photographic density, eq. (14). 


d operational symbol for differentiation. 
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E mean beta energy (ergs) per nuclear disintegration (for any beta branch). See 
Table 
é emulsion thickness, em. Index e denotes emulsion. 
e + (cm). Fig. 3. 
F ) integral function of f ), eq. (14). rhe 
)  funetion, eq. (12), expressing distribution of grains along y-axis. sion 
G distance, em, eq. (30), (31), (32), (33). enlig 
q specific density g/em®, see Table I. ) tive 
H width of ring-formed entity, em, eq. (26), (29). 
h distance of point source from emulsion side of section, em. 
I light intensity in densitometry. 
interspace, cm. 
J total number of grains per em? of emulsion, see Table I. wir 
} number of grains exposed (and developed) per cm? of emulsion, eq. (10). gise 
K fraction of total decay utilized for exposure, eq. (2). See also Table I. ; Mat 
k constant, eq. (8), dimension g/erg em, see Table 1. nist 
, M number of radioisotope nuclei in any defined volume V or in a point source. blen 
m number of exposing particles engaged at a ‘point’ of measurement. 
N 
n { row and column indices for matrix elements. 
exponent in eq. (20). 
r concentration of radioisotope = number of radioisotope nuclei per em? of tat 
tissue. 
p fraction of decays via any branch in a decay scheme. “gh 
quadruple integral/4 eq. (16), see Table I. 
q selectivity of autoradiographic system used, eq. (39). rd 
t coordinate. Special notations, see eq. (21)—(31) with text. 02 
resolution eq. (38). gra 
S matrix element, em/g, see eq. (18a), (I8b) and (18e). See Table IT. 
8 section thickness, em. Index s denotes section. 
Alt 
T ) transmission function for beta rays, eq. (1), see also Chapter 
t time, sec. Do: 
u distance from radiating element, em see eq. (3a) and (3b). 
V volume, em*, of entity in section, eq. (18 a), (18b). See Table I. Dw 
W energy expense (eq. 7), erg. per g/em*. Exposure. 
w angular coordinate. Gr 
coordinate. 
y coordinate. 
coordinate. Lol 
disintegration constant, sec~', =- 0.693/7, eq. (2). 
T half-life of radioisotope, sec. 
f operational symbol for integration. 
é mean error, eq. (40). 
q(n) function of exponent » in eq. (20). Function related to binominal coefficients. Op 
For values of q(n) see text after eq. (22). 
123... j index notations for matrix elements. 
| 


In describing beta ray absorption and transmission phenomena it is also possible 
to use electron number/cm? in stead of g/cm*. If electron numbers are expressed with 
water electron number in one cm? (3.4 - 10%) as a unit, the formulas (21)— (35) are directly 
applicable to obtain the numerical value of matrix elements. 
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SUMMARY 


A general theory of quantitative histologic apposition autoradiography is presented. 
The geometric exposure relationships between histologic section and photographic emul- 
sion are given special attention. They are given a matrix formulation which considerably 
enlightens the understanding of exposure mechanisms, practical performance of quantita- 
tive autoradiography, and problems of autoradiographic resolution. 


ZUSAMMENFASSUNG 


Eine allgemeine Theorie der quantitativen histologischen Kontaktautoradiographie 
wird beschrieben. Die geometrischen Exponierungsbeziehungen zwischen dem histolo- 
gischen Priparat und der photographischen Emulsion werden speziell studiert. Eine 
Matrise-Formulierung wird benutzt, welche das Verstiindnis des Exponierungsmecha- 
nismus der praktischen Ausfiihrung der quantitativen Autoradiographie und der Pro- 
bleme der autoradiographischen Auflésung wesentlich erleichtert. 


RESUME 


L’auteur présente une théorie générale de lautoradiographie histolegique quanti- 
tative par apposition. Il accorde une attention particuliére aux relations géométriques 
entre la coupe histologique et l’¢mulsion photographique pendant l’exposition. I] applique 
i ce probleme une formulation mathématique matricielle qui facilite considérablement 
la compréhension des mécanismes de l’exposition autoradiographique, de l’exécution 
pratique de l’autoradiographie quantitative et du pouvoir de résolution en autoradio- 
graphie. 
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BOOK REVIEWS 


NEUROLOGISCH-NEUROCHIRURGISCHE RONTGENDIAGNOSTIK UND ANDERE METHODEN zup 
ERKENNUNG INTRAKRANIALER ERKRANKUNGEN. Von R. Kautzky und K. J, 
Zilch. 236 8., 167 Abb. Springer-Verlag, Berlin 1955. DM 49.80. 


The great advances in neuroradiology, especially during the last decade, have caused 
much need for a textbook fully up-to-date in this field. This demand has already been 
supplied by at least two excellent books (Schinz: Lehrbuch der Réntgendiagnostik and 
Ténnis-Olivecrona: Handbuch der Neurochirurgie; Vol. Il by E. Lindgren). 

The book reviewed, although not written by radiologists, deals mainly with neuro- 
radiology; only two short chapters at the end of the book (about brain puncture and the 
colour method) justify the words “und andere Methoden ...” included in the title. 

As an introduction the fundamentals in the displacement of intracranial structures 
are discussed. This interesting chapter is followed by a fairly detailed description of 
pneumography (including subdural pneumography) and angiography technique, 
normal anatomy, malformations, and changes caused by space-occupying, shrinking, 
vascular lesions. Conventional roentgenography on the other hand receives no mention. 
Descriptions are in the main adequate and clear, with the exception of the techniqu 
of the examination of the temporal horn which, in the reviewer's opinion, is unsatis- 
factory. The authors do not appear to be familiar with Lindgren’s investigations or his 
method of examining this region; this is probably the reason why they seem to rely more 
on angiography than pneumography for the diagnosis of temporal tumours. Pneumog- 
raphy appears, particularly for these tumours, to be the more reliable method. 

The risks involved and the possible complications in the two methods are carefully 
described. Of a special interest is the chapter in which indications and contraindications 
for the methods are discussed. The obsolete opinion that encephalography should not 
be used in cases with increased intracranial pressure is accepted without reserve or dis- 
cussion. 

The illustrations, 100 of which are reproductions of roentgenograms, in the main 
show what they are meant to show and are of good quality. Several of the legends, how- 
ever, fail to state whether the diagnosis was verified or not; this is specially to be regretted 
in those cases in which the appearances are atypical. Two such cases will be mentioned; 
In one, changes are seen which, according to the text, “artdiagnostisch auf ein Epi- 
dermoid hinweist’’. They appear, however, to bear so few resemblances to type that doubt 
even arises as to the accuracy of the diagnosis. In another, described as “eine eigenartige 
Hirnmissbildung”, a widening, especially of the left anterior horn, and a displacement 
to the left are shown. There is, however. also marked bulging of the right side of the 
vault especially in the temporal region, said to be due probably to a congenital subarach- 
noidal cyst. In the reviewer's opinion it seems more likely that these changes are caused 
by a chronic juvenile subdural haematoma, compressing the right ventricle and displacing 
it under the falx cerebri. Such illustrations are not only of limited value but may even be 
misleading. 


Ingmar Wickbom. 


0 


